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COPT 

HOLYOES WATER POWER C0# 

HOLYOZE^ HASS^ 

Petruary llth, 1910* 

The Sanitary District of Chicago ^ 

Chicago t Illinois^ 

Attention Mr* E« L« Cooley# 
Gentlemen: »• 

The ordinary doumward dis** 
charge single ttirhlne turning in the 
dl rectlon of the hands of the clock 
is a*!rlght hand wheel"# I helieve 
this is the rule among all tnrblne 
huilders* 

This wheel is always a right 
hand wheel whether it he on a ver«« 
tioal or horisontal shaft # This is 
the rale among all the wheel men . 
whom I have met, and it seems to me 
a very proper one» Once right hand 
why not always right hand, no matter 
whether its axis he vertical or hor- 
izontal • 

Yonrs tmly, 

(Signed) A* F« Sickman* 

Mr« Sickman is the Engineer in charge 
of the Holyoke testing flxme - E.I.C. 
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INTRODUCTION, 



u Some ten years Bince, through the invention of an instrument for weighin^^ 

^ the power required to drive machinery,! became interested in the testing of tur- 
>>. bine water wheels. Previously such tests had only been possible for the wealthy. 
(7. The apparatus used for the purpose, though expensive, was crude, clumsy and 
unreliable, while the formulas for computing water used were tedious for the ini. 
tiated and impossible of application by the multitude, consequently few of those 
using wheels were able to demonstrate the absurdity of the fabulous claims made 
by the most of the turbine build'-rs, and for years confusion hud reigned, alike 
inj'irious to the manufacturer and honest builder. Years of experience that will 
be m-ntioned in the last part of this work made me fully aware of the task it would 
be to bring order out of such confusion; still the attempt was made, and has since 
been continued without a thought of abandonment. Those who have only wit- 
nessed the test.of turbines at the Holyoke flume have little idea of the operation 
as conducted by engineers of the past; barrels of oil and a small army of assist- 
ants were required, so that the cost run up into the thousands. The average cost 
per wheel in 1869 was $2,500. The superintendent of the Niles Iron Works of Cin- 
cinnati, O., came to me at Lowell, in order to make arrangements for the test of a 
Kindlebcrger wheel; he offered $600, but under the then existing conditions it 
could not be done. Weeks and even months were consumed in the test of a single 
wheel. The experience that year convinced me that such expenditures of time 
and money were entirely unnecessary, and plans were soon completed for demon- 
strating that fact. Many ideas then prevalent had to be con^-idered. In the first 
place, a testing flume with suitable apparatus was an expensive affair, while my 
means were very limited ; then again it was supposed by all, that wheels of the 
' same make were all of the same proportional efficiency, so that each builder 

I would only need to have one wheel tested, consequently the patronage would 

be very irregular, while the expense would be constant, as experienced help 
would be required, and such help could only be retained by constant employment, 
or at least constant pay ; the latter difficulty was surmouuted by doing all of the 
most difficult and hardest work myself, simply employing a laborer for each test, 
while my daughter timed; kept the records of gauges during the trials, gave me 
the power every two minutes, in order to enable me to change the weight cor- 
: rectly, then made the computations and copied the results. This continued for 

a year or more; then Miss Charla A. Adams, '* Charla" succeeded my daughter, 
and such success as I have had in aiding the improvement of turbines, by ena- 
bling builders of small means to ascertain the exact value of their numerous 
plans, and establishing the testing system, is due in a great measure to her un- 
wearied patience, care and attention. She has had the entire mathematical part 
of the work to do, not only of the tests, but that necessary for the preparation 
of a large portion of the tables published in this work ; she h>is kept records of all 
tests, and prepared numerous copies of the same for public institutions and for 



turbine builders ; in all, she has prored her fitness for the purpose, and not only 
her fitness, but woman's adaptability for such work. The practice of testing tur- 
bines has caused many changes and exploded many theories; of course this has 
not been done without destroying the hopes of many builders, at the same time 
it has been the means of bringing the best wheels prominently before the public. 
The tests have at all times been open to the public; builders have been desired 
to bring engineers to assist, and such have ever been welcome. It is a difficult 
matter to make purchasers realize that wheels made from the same patterns 
vary exceedingly in efficiency, yet there are few manufacturers ignorant of the 
fact that a wheel of any make doing well in a mill gives no assurance that 
another of the same make will give equal satisfaction. Ninety per cent, wheels 
are much sought for, but there are plenty of 80 per cent, wheels that will do fir 
better than many that have given higher results. Ninety per cent, is only 
obtained under the most favorable conditions, and such can not be continued 
long in practical use. 

Illustrations published in the first edition of this work have been found very 
convenient for reference in law and other cases, consequently a greater variety 
has been published in this edition. 

That I know but little about the exact lines necessary for the production of a 
good turbine is not, perhaps, a legitimate excuse for the absence in this work of 
directions for turbine building, because the most minute formulas to be found 
upon the subject have undoubtedly been published by those who knew still less 
about it than myself, but such formulas seem to have hindered rather than to 
have aided turbine improvements, for it is very certain, that the best turbine 
builders have given little heed to such formulas, hence I have not attempted to 
do what I could not do well. 

Some of my Annual Reports were electrotyped, and various items from those 
have been used in this work, and where such reports of tests have been used, 
the numerous changes of weights are given in full; while in others only the best 
test at whole gate is given; and it may be well here to state that there is a cer- 
tain speed at which any turbine does its best, and to find that point it is neces- 
sary to try m:iny changes of weights. Wheels made from the same patterns 
seldom do their best at the same speed, and this variation is the cause of consid- 
erable loss of power throu;;h incorrect gearing for speed. 

It is also necessary to state that there is always a leakage into ihe measur- 
ing pit during a test, which is to be deducted from the quantity flowing over the 
weir; this leakage may not be given in some of the reports, but if the depth on 
the weir is given, the difference between the quantity as found per tables for that 
depth, and the cubic feet given in the report of te^t will give the leakage, that 
is, if the length of weir is given. The omissions are owing to the use of only a 

part of the electrotyped reports. 

Jambs Exbbson. 
WiLLiMANSBTT, BiASS., October 1, 1878. 




INTRODUCTION TO THIRD EDITION. 



The almost immediate sale of two previous editions of this work has left me 
no cause to feel unappreciated by those interested in the matters of which it 
treats. Mr object has been to spread the information as widely as possible, and 
make the book useful and convenient for common service. The paper for the 
last edition was calendered very hard, in order to keep the book as thin as pos- 
sible for the number of pages it contained. Through that operation, the infor- 
mation was firained (hat many persons judge of the value of a book by its 
thickness. The large addition of matter to this edition necessitates the use of 
thin paper. Any one, however, who has had anything to do with getting up a 
work of a similar nature, will know that the price will only cover the bare 
mechanical operation of printing and binding. Parties interested in milling 
matters have aided by subscribing liberally for copies to distribute. 

Turbine builders have been asked to aid, that the report of turbines tested 
mUrht be as full and complete as possible, and they have readily complied. 

In preparing articles relative to the manufacture of woolen, cotton, paper and 
flour, illustrations were needed, and those engaged in such business were applied 
to for cuts, and, when furnished, their addresses were placed with cuts. It is 
proper here to state that, though I believe fully in the propriety of advertising, 
I do not think it would be well to make this work thick and inconvenient by 
adding advertisements to its pages. The address of parties furnishing illustra- 
tions of devices that I wish to mention will gladly be given in a uniform style, 
with such illustrations, but advertisements at any price must be declined for the 
reason given above. 

For reasons which are not necessary to be given here, the following statement 
is published: 

During the dozen years in which I made a business of testing turbines, the 
gauges, weights and revolutions were called as each change of weight was 
made. These were recorded at the time by an assistant in a book made up of 
printed blank forms, duplicates of which were copied and furnished as certifi- 
cate of result to each party having a wheel tested. The experiments were pub- 
lic, and any one sufficiently interested could examine gauges to make sure they 
were correctly called. The books were subjected to rough usage, and when I 
gave up the business, thev were anything but ornamental; still, they contained 
a complete record of all the tests made, and, as a means of continuing their use- 
fulness, they were presented to the Engineering Department of Yale, through 
Prof. Norton, who has always been prompt in attendance to witness any exper- 
iments in hydrodynamics from whicn there was a possibility of gaining informa> 
tion likely to benefit his department. 



Sheffield Scientific School, 
New Haven, Nov. 30, 1880. 
Mb. James Exebson. 

J>ear Sir: The Governing Board of the Sheffield Scientific School, composed 
of the Professors of the School, at a meeting held last evening, instructed me to 
convey to you their thanks for your very acceptable gift of three volumes of 
Notes of your Experimental Tests of Turbines. In doing this, I wish to add 
my personal thanks in consideration of the advantage I shall derive from them 
personally, and to assure you that they will undoubtedly prove of g^eat service 
to the Engineering Department of the School, and will add materially to its 
means of instruction relative to hydraulic motors. They have been deposited 
in the Library of the Department, and will be held for ready consultation by the 
students in engineering. 

Very truly yours, 

W. A. NORTON. 



8 
The Testing System. 

Having terminated my connection with the business of testing 
turbines, it may be well to give a brief account of the conception 
of the business as a system. 

Such tests were made in Europe early in the present century ; in 
this country, by Uriah A. Boyden, from 1843 to 1869. I have found 
it impossible to obtain any authentic record of Mr. Boyden*s tests, 
though there are rumors of fabulous results. Mr. Francis, in the 
work called ''Lowell Hydraulic Experiments,** states that data fur- 
nished him for computation gave 88 per cent. He does not vouch 
for the data furnished, nor does it appear that such data was fur- 
nished by a disinterested engineer in any case. Mr. Francis fol- 
lowed Mr. Boyden in making such tests, but he, like the former, 
mide them so expensive as to be beyond the reach of any but 
wealthy corporations, while the manufacturing interest required a 
definite knowledge of the efficiency of the various kinds of turbine 
plans then springing into existence. 

In 1859-60, the city of Philadelphia gratuitously tested a variety 
of small wheels for different builders, but the plan for doing it was 
so defective that the tests had but little influence. In 1867, the 
Chase Turbine Co., of Orange, Mass., employed me to construct a 
dynamometer or brake for testing turbines. The friction bands that 
may be seen on the ship windlass, in another part of this work, gave 
me the idea of controlling a turbine in that way, for I had brought 
ra my a ship to by such bands. The Prony brake had never been 
heard of by me at that time, nor until my brake was completed. 

In 1868, A. M. Swain asked me to get up a suitable brake, and 
test one of his wheels at Putnam, Ct. Six months* time and 91|700 
were expended in preparing the instrument. The company was 
parsuaded to construct a flume at the "overflow" of the Wamesit 
Power Co., Lowell, Mass. A 42-inch Swain wheel was set, and 
tested by Mr. Swain and myself. The results were such that the 
company was urged to employ an engineer with at least a theoretical 
knowledge of such tests. H. F. Mills, then of Boston, was selected 
fur the purpose. The company then held a meeting and authorized 
Mr. Swain and myself to make arrangements for a public trial, and 
the following notice was issued : 

Important Tbst of Turbine Watbr Whbbls, at Lowbll, Mass., 

June 16, 1869. 

Sir : The Swain Turbine Co. has just completed extensire arrangements for a 
competitive test of Turbine Water Wheels. A flume and weir of the most ap- 
proved plan, to supply and measure the water used, has been constructed. Em- 
erson's Dynamometer will be used to test the power of the wheels. 

The "pit" is fourteen feet in width; head of water varying from twelve to 
sixteen feet. Each competitor will select size and finish of wheel to suit himself. 
The Swain Wheel to be tested was built before the test was thought of, and is in 
no way superior to the average of wheels furnished by the company. It is forty- 
two inches in diameter, and will be tested on the 16th day of this month. 

The Swain, Leffel, Bodine-Jonval and Bryson Turret wheels 
were entered. The measuring pit was fourteen feet wide, thirty in 
length and at first a little over three feet in depth below crest of 
weir — the wheels, standing inside at the upper end in a quarter turn 
or iron flume, being about twenty feet from the weir. In this dis- 
tance there were three separate racks to check the rushing water. 



The Swain wheel had thin sheet steel buckets, which made it very 
light for its diameter ; yet, when set, it was barely possible to turn 
it by the coupling upon the top of its shaft — ^the coupling being 
twenty inches in diameter, made that size to connect with brake. 
Mr. Swain ** guessed the wheel would go, only put the water to it." 

The Lefiels knew better than to lose fifty or a hundred pounds in 
that way, so, when their wheel was set, it turned about as easy as a 
child's top. Of course, an engineer of experience would have re- 
fused to have tested awheel running as hard as the Swain did, or to 
have tested a wheel of that size at all in a pit so small and filled 
with racks, for a good wheel would have little chance against one of 
low efficiency. The working surfaces of the brake and band were 
made of steel and iron. Both being fibrous, little strips tore from 
each, often checking, and at times bringing the wheel to a sudden 
stop, so that it was difficult to make steady tests of many minutes' 
duration. A bell was connected to the wheel-shaft, which struck 
at each fifty revolutions of the wheel. Instead of making each 
test with a given weight separate and distinct by itself, observers 
were placed at the different gauges, with watches set to the same 
time. As the wheel ran very unsteady at the best — often stopping 
entirely — it was necessary to reject many of the observations, and 
it will readily be seen that the difficulty would be in placing the 
right patches together. That this is not imaginary, the following 
tables of results are given. The first is a copy of Mr. Mills* report, 
the second is a record of tests taken by myself, the same gauge 
hands being employed in each case, and the conditions being pre- 
cisely the same for both. My tests, however, were taken upon the 
same plan that I have followed continuously for more than ten 
yeUrs : that is, to make each test for a given weight complete and 
distinct in itself. Mr. E. A. Thissel made a record of the gauges, 
as given by each of the hands employed, and as it agreed exactly 
with the notes I had taken of all, his record is given in the table. 

MoDB OF Conducting the Experiments. 

Observers Were stationed at various points, as follows : 

Mr. J. B. Hale, at the hook-gauge, observed every minute, and a part of the 
time every thirty seconds, the reading of the hook-gauge, which indicated the 
depth of water upon the weir. 

Mr. B. A. Hale observed the height of the water in the forebay and in the pit, by 
means of the scale (D) passing from the lower box to the upper every minute. 

Mr. E. A. Thissel noted the time of the striking of the bell, which indicated 
the speed of the wheel, to the nearest quarter second. 

Mr. James Emerson, bv means of the hand- wheel (M) regulated the friction so 
that the index (E) should be kept as near to zero as possible, and thud the scale 
beam be kept level. 

Another assistant observed as rapidly as possible the actual position of the 
index during the experiment. 

Another kept the oil cups (T) supplied with oil, and, by a cock attached to each, 
regulated the amount flowing upon the friction surfaces. 

Another attended the gate and kept the racks clear of obstructions. 

The writer kept a record of the weights in the scale-pan, the heights of gate, 
all irregularities in the motion or disturbing causes of any kind that would affect 
the results of the experiment, and suflicient observations of each class to check 
the accuracy of all of the notes. 

At intervals, during a series of experiments, all of the watches were compared 
with the standard, and differences noted, that there might be no difficulty in 
selecting the observations which applied to the time when the conditions for 
accurate results obtained. Recorded in the following manner : 
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Teste on Leffel Wheel. 



Correction, .733. 



K 



(( 



No correction. 



Date, Oct. 12, 1869. The first 10 tests L of weir was 10.052. 

" " 13, " The next 21 " «• " " " 

« « 1^ ti The next 7 u u k h k 

u «( 11^ « The next 6 " ** " *• «• •* «* 

Weight of water used for all these tests was 62.33 lbs. per cubic foot. In the 
ffroup of ** 7 tests," the first 3 were made with holes in wheel plates closed, and 
in the remaining 4 with holes open. 



No. 
Test. 


Head. 


Weir. 


Gate. 


Weight. 


Rev. 

permin. 


Horse 
Power. 


Cu. feet 
per sec. 


Per 

Cent. 


Rel. 

Veloc 


1 


14.28 


1.730 


4-5 


670 


138 


42.03 


32.66 


.795 


.795 


2 


14.17 


1.727 


<i 


II 


135 


41.11 


32.52 


.787 


.799 


3 


14.01 


1.671 


(( 


II 


127 


38.68 


29.84 


.817 


.739 


4 


(< 


1.669 


i< 


II 


124 


37.76 


29.75 


.799 


.722 


5 


<i 


1.674 


(( 


675 


125 


38.35 


29.98 


.806 


.725 


6 


«« 


1.673 


tt 


II 


II 


II 


29.94 


.807 


.725 


7 


13.98 


1.672 


(1 


660 


126 


87.80 


29.89 


.798 


.733 


8 


13.86 


1671 


K 


700 


120 


88.18 


29.84 


.815 


.701 





14.48 


1761 


7-8 


740 


130 


43 73 


34.18 


.780 


.744 


10 


14.21 


1.761 


(( 


750 


128 


43 64 


34.18 


.793 


.738. 


11 


14.18 


1.762 


<< 


755 


126 


43.24 


34.22 


.786 


.728 


12 


14.16 


1.780 


Full 


II 


130 


44.61 


35.11 


.792 


.753 


13 


14.17 


1.782 


(« 


760 


II 


44.91 


35.21 


.789 


.747 


14 


14.20 


1.781 


(1 


II 


II 


11 


35.16 


.794 


.747 


15 


14.16 


1.782 


II 


765 


II 


45.20 


35 21 


.800 


.748 


16 


14.18 


1.782 


II 


(1 


II 


II 


35.21 


.799 


.747 


17 


14.925 


1.378 


2-5 


400 


115 


20.91 


17.12 


.722 


.649 


18 


(( 


1.364 


<< 


349 


125 


19.32 


16.57 


.690 


.703 


19 


« 


1.354 


II 


820 


128 


18.62 


16.18 ' 


.680 


.720 


1 


15.21 


1.136 


1-5 


175 


111 


8.83 


7.88 


.650 


.619 


2 


(« 


1.134 


II 


170 


115.2 


8.90 


7.82 


.660 


.643 


3 


15.22 


1.132 


II 


160 


II 


8.38 


7.77 


.626 


.642 


4 


15.21 


1.129 


II 


150 


122.4 


8.35 


7.68 


.630 


.683 


5 


15.23 


1.127 


II 


140 


127.8 


8.13 


7.63 


.617 


.713 


6 


15.24 


1.127 


II 


135 


130.2 


7.99 


7.63 


.606 


.726 


7 


<( 


1.126 


II 


130 


133.2 


7.69 


7.60 


.586 


.742 


8 


If 


1.127 


II 


135 


130.2 


7.99 


7.63 


.606 


.726 


9 


14.26 


1.526 


3-5 


500 


122.4 


27.82 


23.26 


.740 


.705 


10 


14.21 


1.527 


11 


II 


i< 


II 


23.01 


.741 


.707 


11 


«i 


1.535 


II 


475 


124.8 


26.95 


23.33 


.707 


.720 


12 


14.23 


1.521 


II 


460 


127.8 


26.72 


23.05 


.719 


.787 


13 


«« 


1.521 


II 


465 


II 


27.01 


23.05 


.727 


.737 


14 


14.56 


1.147 


1-5 


130 


133.2 


7.87 


8.18 


.583 


.760 


15 


14.46 


1.149 




135 


133.0 


8.10 


8.24 


.600 


.755 


16 


14.45 


1.146 




140 


127.8 


8.14 


8.15 


.610 


.732 


17 


14.16 


1.741 


Full 


725 


133.2 


43.90 


33.20 


.822 


.770 


18 


14.13 


1.736 


«« 


II 


11 


II 


32.95 


.832 


.771 


19 


<« 


1.742 


II 


730 


127.8 


43.41 


33.24 


.797 


.740 


20 


14.15 


1.745 


II 


735 


129.6 


43.30 


83.39 


.809 


.750 


21 


14.02 


1.775 


II 


II 


127.8 


42 70 


34.87 


.771 


.743 


1 


12.22 


1.061 


None given 


700 


120 


88.18 


35.81 


.770 


.747 


2 


12.09 


1.045 


i« 


725 


115.4 


38.03 


35.01 


.793 


.721 


8 


12.01 


1.045 


II 


675 


125 


88.35 


35.01 


.804 


.784 


4 


12.73 


1.077 


II 


II 


II 


II 


36.61 


.726 


.761 


5 


12.51 


1.077 


II 


700 


120 


88.18 


86.61 


.736 


.738 


6 


12.30 


1.061 


II 


725 


115.38 


88.02 


joM 


.762 


.715 


7 


12.12 


1.061 


u 


750 


111 


87.84 


, 35.81 


.769 


.694 


1 


14.23 


1.010 


II 


725 


127.6 


42.a^ 


83.29 


.783 


.737 


2 


14.08 


1.047 


11 


730 


136.6 


47.45 


35.11 


.847 


.793 


8 


14.105 


1.076 


II 


800 


127.6 


46.40 


36.56 


.794 


.741 


4 


14.08 


1.011 


II 


750 


125 


42.61 


33.34 


.801 


.724 


6 


14.08 


1.034 


II 


600 


150 


40.91 


34.47 


.744 


.870 
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I have seen sufficient the past year to convince me that tests 
made with so many gauge hands are very unreliable. 

I would not be understood as vouching for the efficiency of the 
wheel, as given by Mr. Mills or myself, for my experience since has 
made me very skeptical about tests made in pits so limited as to re- 
quire the use of racks to still the water discharged ; but, as those 
tests were made under the same conditions, the discrepancies have 
made me cautious about using unnecessary formula for mere effect. 
That much of the formula for testing turbines, published by Mr. 
Francis, is for effect, it is charitable to believe. The plan is un- 
doubtedly that followed by Mr. Boyden, and it is not creditable to 
liis ability to suppose he believed several pipes, leading from differ- 
ent heads, would fill a tank to the average depth of the whole, yet 
that is what his perforated pipes around the wheel and across the 
pit leading to the gauge-tanks mean. With filtered water, plenty of 
help, abundance of time, and no regard for expense, the plan would 
not prevent accuracy ; but for practical tests under ordinary con- 
ditions, with sediment in the water, such pipes are anything but 
desirable, and under no possible conditions are they necessary. 
The dash-pot is another source of error. It is absolutely necessary, 
with such a brake as Mr. Boyden used, also with the best brake 
that can be. made, for some wheels, while there are others that can 
be tested without it ; but the greatest care should be taken to have 
the plunger work as sensitively as possible. The pipes connecting 
the gauge-tanks with pit and forebay are matters of great importance. 
Of course, the smaller they are, the steadier the level of the surface 
in the tanks. The machine engineer likes small pipe connections, but 
the practical engineer has them large, that the surface of the water 
in the tanks may represent the true surface in pit or forebay. The 
water may rise and fall quick, as it should if it does so in pit or fore- 
bay, but it is easy to get the mean of the variations by observing the 
extremes. Racks, as usually constructed, take up one-half of the 
cross-section of the pit ; a very fine rack more than that, if made of 
wood, and of course stops the water, causing it to be higher above 
than below them. This gives accelerated velocity to the water. 
Following the plan faithfully for two years, it proved to be a perfect 
trap for catching errors. The tank connections were then enlarged, 
the pit lengthened and made deeper ; the perforated pipes and racks 
were abandoned, the dash-pot was reduced in size, and the plunger 
made perfectly free — after which changes, there was no difficulty in 
making tests that would repeat — a very necessary achievement in a 
business where suspicious patrons were in the habit of keeping tested 
wheels months, perhaps years ; then, after repainting, return them 
as new to be retested, as was often done. The bane of engineering 
has been too much desire for display of mathematical exactitude, 
without much regard for the mechanical devices used with which to 
procure data to work from. Look at the coarse brake and scale 
beam used by Mr. Boyden, also by Mr. Francis, then at proportions 
as given by the latter in Lowell Hydraulic Experiments : 
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Prony Brake. 





Length of brake was found to be 9.745 feet. 

Effective length of vertical arm, 4.500 " 

Effective length of horizontal arm, 5.000 " 

Consequently, effect in length was 9.745X5-5-4.6=10.827778 feet. 

Why not have made the brake and armsof lengths readily expressed 
ia whole numbers, thus doing away with decimals? Made in any 
lengths, a coarse oak timber, with an inch and a half round iron 
bolt through it for a fulcrum, would be a poor substitute for a light 
iron scale-beam with knife-edge pivots. Weighing what a turbine 
will pull, means the same as what groceries weigh, and needs the 
same perfection of weighing apparatus to do it well. The plan, 
when used by Mr. Boyden, was up to his time, perhaps, but a gene- 
ration has since passed away, and vast improvements in almost every 
mechanical device have been made in the time, and practical engi- 
neers accept the improvements in turbine testing, as in other matters ; 
but the machine engineer turns back to the oak brake and many 
decimals as anxiously as a duck takes to water. Turbine building 
is not a science, nor is it likely to be, until reputable builders, who 
would willingly test wheels before delivery, are protected from 
ruinous competition by the ignorant and irresponsible, who promise 
so readily, caring little about the efficiency of their wheels so long 
as they sell. To test each wheel before delivery would necessitate 
its being done quickly and cheaply, which would be impossible with 
the Boyden-Francis apparatus, nor would it be possible under any 
conditions with such an apparatus to make such tests as were easily 
taken to determine the effect of flanged cylinder gate and flaring 
draft tube, recorded in the report of Hydrodynamic Experiments. 

Engineers. 

Of the hundreds of young men who yearly graduate from our 
educational institutions, how few of them are ever likely to reflect 
credit upon the name, simply because nature never intended them 
for the business. The term is derived from the word ingenuity ; 
geniuses are not the product of schools, but of birth. No education 
will ever produce an engineer or mechanic, though it may machines. 
No mere aptitude for mathematics will make up for lack of fertility 
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in expedients so often demanded. An engineer should have inge- 
nuity, sound judgment, and decision of character for emergencies. 
Without such characteristics no one will ever make a permanent rep- 
utation as an engineer. The calling has received the most of its 
renown from those who made no pretense of being engineers. 
Watt, Fulton, Stevenson, and others of the kind, were only con- 
sidered engineers after their reputation had been made. Our yellow- 
plush propensity to accept heroes at their own estimate, if they only 
shout loud enough, has much to do with the continuance of un- 
founded pretensions. Many will remember the shout that went up at 
the debut of the Monitor. "Form a national society of engineers, 
and place John Erricsson at the head,*' was the cry. Had the 
Monitor encountered a storm on her passage out, as she did when 
she became the coffin for a hundred men, how different the result. 
For years previous, Mr. Erricsson had been the laughing stock of 
the country, and his achievements, before and since, indicate that, 
though he may have some original ideas, he lacks the judgment 
necessary to make them safely useful. 

Of our many engineers, we doubtless have those who, if favored 
with opportunities, would deservedly become noted ; but the terri- 
ble disasters of the past few years, caused by the destruction of 
dams and bridges, would hardly indicate that the best have been 
employed in the most responsible positions. 

It is not my purpose to write of engineers in general, but of those 
who are called, or who call themselves, hydraulic engineers; of 
this class J. B. Francis has long stood at the head, so far as the call- 
ing relates to milling matters. For many years Mr. Francis has 
had charge of all the property of the Lowell Water Power Co., 
and general supervision of from twenty to forty large mUls. He 
is thoroughly versed in all of the theories, but it would be absurd 
to suppose he has had much time to devote to the details that 
make up the supposed knowledge of a hydrodynamic engineer. 
The continued use of poor turbines, when those much better could 
be had at one-half the cost of those used, prove plainly that he 
knows but little of the common characteristics of the ordinary tur- 
bine. The Francis weir formula is excellent, but I have had very 
disagreeable reasons for doubting whether he, or any of the so- 
called hydraulic engineers, realize how slight a change in proportion 
of pit renders the formula worthless. 

H. F. Mills of Lawrence, Mass., has experimented much, and, in 
my opinion, is as good an engineer of the class as can be found; but 
he travels in a fixed groove. That he measures the water used by 
the mills there as accurately as may be done by the machine meth- 
ods, I have no doubt ; nor any doubt that it might be done still more 
accurately by simpler plans, at one-tenth of the cost at which he 
does it. There are many others that might be named, but they are 
all of about the same pattern — much formula relating to ancient 
theories, but with little practical knowledge of the requirements 
necessary to make manufacturing profitable under the sharp compet- 
itive conditions of to-day. Economy seems to be one of the lost 
arts with the whole class, but the following cross-examination of 
one of them will speak for itself: 
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«• EMINENT UYDEAULIC ENGINEER.'* 

The announcement may often be seen in the papers that John 
Smith, the eminent hydraulic engineer, has been called in to exam- 
ine some prospective water power, mill, reservoir, dam, embank- 
ment or some milling matter of interest. Civil engineering seems 
to cover canal, mill, reservoir and dam building, so it is reasonable 
to suppose Mr. Smith, as a hydraulic engineer, has been called in 
to advise about the use of water power or its transmission. And 
that those interested may banish future anxiety, should Mr. Smith 
report favorably, we will put him on the stand for examination. If 
the reader thinks some other engineer more eminent than Mr. Smith, 
No ! well, then, Mr. Smith will you please take the stand. 

Mr. Smith, what is your age? 

Ans, Fifty-seven years. 

What is your occupation or profession? 

Ans. Hydraulic engineering. 

How long have you followed that business? 

Ans. I served seven years apprenticeship and have followed the 
business thirty years. 

You are thoroughly informed in all the minutia of the business? 

Ans. (Modestly) I believe I hare the credit of being so. 

You understand water power and the various means used for its 
transmission and application to drive machinery? 

Ans. I think I do, thoroughly. 

You also understand the various methods used for measuring 
water used to drive machinery? 

Ans. I do. 

Name the various methods with which you are familiar. 

^715. The weir, aperture, floats and current metre. 

You are often called upon by mill owners to measure water? 

Ans, Quite often. 

Which of the methods named do you consider best? 

Ans. Well, where it is convenient, the weir. 

Have you ever personally verified measurements made by either 
methods, so as to be able to vouch for their accuracy? 

Ans. W-e-l-1 — N-o, not personally. 

Suppose the flume leading to a wheel to be so large that the water 
flows, say, one-half foot per second, would not the slip with a cur- 
rent metre be so great as to leave little chance for accuracy? 

Ans. W-e-l-1 — it might. 

Do you, of your own knowledge, know that accurate measurements 
of water can be made with a current metre under any conditions? 

Ans. No. 

In measuring with floats, do you make an allowance for the aver- 
age instead of apparent velocity? If so, how much? 

Ans. 1 make an allowance of 20 per cent. 

Is 20 per cent, fixed upon as a matter of judgment or positive 
knowledge? 

Ans. W-e-M — ^thatis the allowance generally made with float 
measurements. 

Then float and current metre measurements have considerable 
guess work about them? 
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Ans, W-e-l-l — under favorable conditions they may approximate. 

Can you personally vouch for the accuracy of aperture measure- 
ments ? 

Ans, W-e-l-l— N-o. 

Do you know the least possible cross section of stream in meas- 
uring pit in proportion to the flow on the weir that will give correct 
measurement? 

Ans, I do not. 

Suppose the pit to be fourteen feet wide, with vertical sides ; place 
a weir across, with end contractions, depth below the crest four feet, 
length of weir ten feet ; then further down stream have another weir 
exactly the same, except the depth below the crest to be two feet ; 
let the discharge from the mill flow over both weirs, would the deptii 
on each show the same, supposing the discharge to be fifty feet per 
second? 

Ans. W-e-l-l — r-e-a-1-l-y — I — well, I don't know. 

Suppose the end contractions to be removed, what allowance 
would be necessary to deduct from the width to correct for the fric- 
tion of the flowing water upon the rough side walls? 

Ans, Well, something ; I don't know just how much. 

You have had experience with all of the water wheels in use from 
the old undershoTlo the modern turbine? 

Ans. Constant experience for more than thirty years. 

You often advise manufacturers as to the best kind for use? 

Ans. Very often. 

You understand the principle of each? 

Ans, I think so, thoroughly. 

The undershot is designed for low heads, is it not? 

Ans It is. 

Which is the most eflScient, undershot or breast wheel? 

Ans, Oh, breast wheel, by all means. 

Do yuu mean to say that for one foot head, a breast wheel would 
do better than an undershot? 

Ans, Oh — w-e-l-l — for one foot — well, I don't know. 

What is the tnaximum useful effect of an undershot wheel? 

Ans, I don't know. 

What is the exact relative velocity for an undesrhot wheel? 

Ans, I don't kn )w. 

Have you had much to do with breast and overshot wheels ? 

Ans, Yes, indeed, very much. 

Which is best? 

Ans, W-e-l-l — some think the breast, others the overshot. 

Never mind what others think. What do you know? 

Ans. W-e-l-l — I never tested either, but I think — 

Don't want to know what you think. Do you know? 

Ans, No. 

What is the proper velocity for the periphery of either? 

Ans. W-e-l-l — some say five feet per second ; from five to eight 
feet per second is probably the — 

Don't want any probably. Do you know? 

Ans. No. 
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What is the maximum useful effect a breast wheel will give? 
Ans. W-e-1-1 — I hare read of 75. 

Don't care anything about what you have read. Do you know? 
Ans, No. 

Do you know any better about the overshot? 
Ans, No. 

Mr. Smith, you are well informed as to turbine wheels? 
Ans. Certainly; intimately so. 

Which is • the best discharge for a turbine — ^inward, outward or 
downward? 

Ans. W-e-M — there are many opinions about that. 
Wasn't asking about opinions, but about what you know. 
Ans. • Well, the Boyden turbine is outward discharge, and I her 
lieve that — 

Don't want to know about what you believe. Do you know? 
Ans, Well, every body knows the Boyden has given the highest 
useful effect. 

Don't care for what every body knows. Do you know? 
Ans, Well, I know Mr. Boyden reported — 
Did you ever test a Boyden wheel ? 
Ans, No. 

Did you ever know of a disinterested enginee^esting one who 
reported remarkably high eflBciency ? 
Ans, W-e-1-1 — no. 

Did you ever know of a Boyden wheel being used where the water 
supply was insufficient for over half gate, or half of whole gate dis- 
charge, several months of the year, that gave satisfaction? 
Ans, W-e-1-1 — no — perhaps not. 

Have you taken pains to ascertain whether there are other tur- 
bines that are better than the Boyden? 
Ans. No, for I don't believe there are such. 
Please give your reasons for such belief. 
Ans, W-e-1-1 — I — well — oh, cause I don't believe it. 
So you have never taken pains to ascertain the real efficiency of 
the many other kinds of turbines? 
Ans, No. 

What is the proper relative velocity of the turbine with the water 
that drives it? 
Ans, I don't know. 

How do you know what proportional gears to use to connect tur- 
bine with the machinery to be driven? 
Ans, Oh, I gear according to the table representing wheel. 
What, when you know nothing certainly of the wheel ? 
Ans, W-e-1-1 — ^yes — ^there is no other means of doing it. 
Are all turbines of the same make of the same efficiency? 
Ans, Certainly, or, at least, I suppose so. 
You never have been to see such wheels tested in order to learn 
their peculiarities? 
Ans. No, not I. 

And why not? Has it not been your duty to do so before advis- 
ing manu&cturers in such matters? 
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Ans, Well, I have no faith in the testing that has been done. 

Why not? Have you any real cause for doubt? 

Ans. Well, many wheels have been reported as giving better 
results than is claimed for the Boyden, and — well, I don't believe it 
at all. 

Do you, of your own knowledge, know that there are not fifty 
kinds of turbines better than the Boyden? 

Ans. Oh, of course I know there are not. 

Do you solemnly swear that you know there are not? 

Ans. Oh, well, perhaps I can not swear that I know, but then 
you know I — 

Please remember you are under oath. Do you mean to be under- 
stood that, of your own knowledge, you know anything about the 
matter? 

^715. Well, perhaps not ; but I know what I think. 

Quite likely, but that is not important. 

Are you aware that the turbine will do considerable work whil« 
running at a greater velocity than the water that drives it? 

Ans. I have heard so, but do not know it to be so. 

Supposing it to be so, can you account for its so doing? 

Ans. I can not account for it. 

What is the proper shape for a turbine bucket, and in what direc- 
tion should it project from the center of the wheel? 

Ans. Oh, there are many opinions ; I don't know. 

Please give the exact positions for the chutes to stand. 

Ans. Oh, each builder suits himself; I don't know. 

Which should have the largest openings, the chutes or buckets? 

Ans. Some builders think the chutes, others the buckets ; I don't 
know. 

Why is it that two wheels, built exactly alike, placed in the same 
pit side by side — in one the step burns down every month, in the 
other never? 

Ans. I don't know. 

Which is best for buckets, sheet iron, sheet steel, bronze or cast 
iron. 

Ans. I don't know. 

In all parts of the country water powers of any size are owned 
by several parties. Do you know of any means for dividing the water 
80 that each may have his proper share, whether the supply is much 
or little? 

^718. I do not know of any means for such division. 

Does a turbine, having a draft tube for part of the fall, do as well 
as one set in the tail water? 

Ans. I don't know. 

Have you taken no pains to ascertain? 

Ans. Well — no. 

What is the proper diameter for draft tube for a given discharge? 

Ans. I don't know. 

Suppose a draft tube to lead down stream at an angle of forty- 
five degrees, or still nearer a horizontal line, what would be the 
effect? 
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Ans. I suppoBe they would do well ; I don't know. 

Which transmits power with the least loss, belts or gears? 

Ans, Oh, belts, I think, decidedly. 

Do you know anything about it positively? 

Ans, No. 

Which causes the greatest loss, bevel or spur gears? 

Ans. Oh, bevel, by all means ; at least, I think so. 

Do you know? 

Ans, W-e-1-1 — no. 

Have you ever taken any pains to ascertain the loss, if there is 
any, caused by the use of belts, gears or draft tubes? 

Ans, W-e-1-1 — no, not personally. 

Mr. Smith, will you be so kind as to state what knowledge about 
hydrodynamics is actually necessary to entitle a person to be con- 
sidered an eminent hydraulic engineer? 

^715. Oh, well — he must know all about water power and mills 
and things. 

Certainly, but please give particulars. 

Ans, Oh — well — he must know — why, he must know all about it. 

Well, Mr. Smith, that will do fur the present. 

Formulas were well enough in past ages, when the ordinary la- 
borer hardly knew enough to fill up a hole in the ground ; when 
plowing was done with a forked stick, and mechanical labor was 
performed with the crudest of implements. But something more 
practical is necessary for leadership among a people where twenty 
thousand applications are yearly made for patents for improvements 
in almost every conceivable device ; where every man believes him- 
self capable of filling the presidential chair, building a steamship 
(engine included), making his own shoes or the most perfect astro- 
nomical clock. The mechanic is going to be the nobleman of the 
future, and achievements, instead of profession, will be required. 
The shallow pretensions, so prevalent now, are due in a great meas- 
ure to 

" OVEBr-EDUCATION. 

*' Like over-production, our caption is in some senses a misnomer, 
for no one can be over-educated in the true development of his best 
faculties for worthy ends. But there is a great deal of school and 
college education that is aimless, disproportionate and cumbersome. 
There are too many mediocre professional men, lawyers, doctors, 
ministers, school teachers, writers; few skilled artisans, farmers, 
gardeners, intellis^ent laborers technically educated for various 
spheres that are fundamental to well-ordered society. Society is 
top-heavy, with too much top and too little bottom. There is too 
much high-school dabbling that is not thorough enough for mental 
gymnastics, nor practical enough for the utilitarian necessities of 
those who must graduate into the hard work of the common and 
laborious pursuits which ballast society. The great law will assert 
itself, and all true education must lay its account with it, that by the 
sweat of the brow we must eat our bread. That is not good Amer- 
ican education which would spoil a farmer's boy for the old home- 
stead, or the farmer's girl for housekeeping. ' There is too large a 
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crowd of unfit female school teachers. There are too many aseless, 
third-rate lawyers hankering after office ; too many goodish minis- 
ters, unskilled doctors, ignorant apothecaries and engineers. Hence 
there are multitudes of our boys and girls who are over-educated, 
in the sense that they are unfitted by an aimless and merely bookish 
education for any patient and earnest life-work which will utilize 
them as producers, and develop their individuality into the manly 
or womanly consummation of a staunch character and a robust and 
useful life." 

Our common school system is at fault for this. What would be 
thought of the person who should treat everything growing upon 
his farm with the same care — planting beans, strawberries, cabbages, 
onions, wheat, weeds and pumpkins all in the same way ; plowing a 
little here, digging a little there, going over much surface —none 
deep? Would not the results resemble the product of our schools — 
a smattering of everything, a real knowledge of nothing? every 
graduate rushing for the position of major-general — not one willing 
to accept that of private? Is it not evident that the system is pro- 
ductive of the idea that honest labor is degrading? that the proper 
aim for the young man is office or a profession ; for the young woman, 
wealthy marriage ? Under its influence, are our Presidents, members 
of Congress and Legislatures, and officials in general, selected from 
the first or even second class minds of the country ? Will our officers 
or teachers, male or female, compare favorably, intellectually, with 
our native mechanics? Pay high salaries, and get the best! is the 
constant shriek of the office-holder and teacher — which means, get 
those who will shriek loudest for more pay and less labor. Think 
of the letter-carrier, whose only capital is legs, shrieking for a thou- 
sand dollars per year, while the mechanic, who must have a fair 
stock of brains, and give years of labor to learn the business, seldom 
gets more than six hundred. Think of the high-school graduate, 
as clerk or book-keeper, laboring continually from ten to twelve 
hours per day, six days per week, the year round, for from two 
hundred to perhaps a thousand dollars per year salary ; then of the 
same kind of graduate, as teacher, receiving from four hundred to 
two thousand dollars salary per year for working five hours per day, 
five days per week, forty weeks per year. Can a people be consid- 
ered intelligent that force such a burden of taxation upon labor for 
the glorification of the teacher? for it is too shallow to pretend that 
the pupil is benefited by skimming over so much that, two years 
after graduating with all the honors, he would stick in an attempt 
to pass a grammar school examination. Of all the trashy ideas 
prevalent, there is none more shallow than the pretense that high 
salaries insure the best services. High salaries to the few means 
degradation to the many — really a relic of barbarism — the feudal lord 
and subjected serf. Salaries so high as to be desirable in them- 
selves are far more likely to be obtained by the unscrupulous pre- 
tender than the worthy proficient, as is patent to every one having 
any knowledge of the way the offices throughout the country are 
filled. I hope and think the time will come when our school system 
will limit the studies to the common English branches, and in those 



21 

give every child in the country a thorough course, leaving those de- 
siring a higher education to obtain it at their own expense as a lux- 
ury — a real luxury — to the proper minds, but unappreciated by the 
multitude. Even were it possible to give every child a thorough 
education, gratuitously, in all the studies now merely skimmed over, 
it would be a matter of very doubtful utility. Possessions are 
valued somewhat in proportion to their difficulty of attainment; 
inherited property is seldom valued like that earned by years of 
hard labor. It can hardly dignify the high educational system 
to have the brilliant valedictorian wait idly for a year or two for 
something grand to turn up and then settle down as keeper of a 
peanut stand. Limiting the education at the public expense to the 
branches named will, I believe, produce a higher civilization than 
the present trashy method — less of the professional, more of the 
practical ; better mechanics, farmers, engineers, doctors, teachers, 
fathers, mothers and wives. 



Selection of Turbines 

Is a matter upon which a manufacturer's success in business often depends* 
yet in wliich the least practical knowledge is generally used. The common 
practice is to guess at the power required, the water at command, the best kind 
of wheel; finally, at the size of that. That such a system exists, is owing to 
two facts: First, that we have had no really practical milling engineers; Sec- 
ondly, to man's desire to get more than he is willing to pay for — to the same 
disposition that causes him to buy lottery tickets, or to gamble in stocks, or ia 
any other way. He would consider his neighbor foolish, if he should do so; but, 
in his own particular case, it is different. He knows perfectly well that good 
turbines are exceptional rather than the rule, yet he hopes that he shall be the 
luckv one and draw a prize, and exclaims: "I do not see why, if one is good, 
another of the same kind must not be so, too." Suppose he does not see, does 
he not know of plenty of cases to prove that it is not so. And there ai*e good 
reasons for its not being so. For a number of years certain turbine buildera 
made expensive efforts to gain high results. So long as the ereatest possible 
care was given to each branch of the business, so long were nisrh results gen- 
erally obtained; but the moment such care w^as abandoned, and the business 
conducted with the ordinary care common in foundry and machine work, the 
ninety per cent, wheels dropped to eighty or less; then, in a little time, the 
patterns became warped or worn, or less care was used in setting them exact, 
as they were being molded, and the wheels made from them would give seventy- 
four or five per cent., though wheels made from the same patterns a year before 
often gave from eighty-five to ninety per cent. Too much time and money have 
been expended upon such wheels, any way, thouf^h in years past it was a matter 
of less consequence than now, except that it created or encouraged a false idea 
of the value of such wheels. 

The Boyden and Tyler scroll wheels were rivals for a generation — the Boyden 
being used by large corporations under the most favorable conditions; the Tyler 
in the back-woods, under conditions in which the Boyden would have been una- 
ble to work at all. Many of each have been used twenty years without requiring 
repairs. If the point could be accurately determined as to the economy in the 
use of water, there is not a shadow of proof to show that the decision would be 
favorable to the Boyden ; while the cost would be ten, and the trouble in keep- 
ing the wheels clean and in working condition would be as a hundred to one ia 
favor of the Tyler. Both are now, Iiowever, of the past, and out of place where 
economy is desirable. But, says a manufacturer, **My mill is on the upper 
level, where the head is always the same, and I buy so many cubic feet per 
second; so what use is it for me to have a particularly good part gate wheel?" 
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There aro two good reasons for preferring such wheels : First, a good part gate 
wheel uses water in proportion to the work it has to do, and there are times in 
all mills when more or less of the work is stopped. Good part g^te wheels save 
water at such times, which benefits all on the same fall ; out a more important 
point is, that during low water in the dry season, when the supply is insufficient 
to do the work without the aid of steam, the mill having good part gate wheels 
can utilize whatever there is of water, while those having Boyden, or any of the 
popular whole gate wheels, can realize but little benefit from a two-thirds, and 
nothing from a half supply. 

There is one, and only one, method of securing a valuable turbine without any 
risk, and that is to ascertain first exactlv what is needed, which may readily be 
done by measuring the water that is to Se used and the power the mill requires ; 
then apply to a respectable turbine builder, use ordinary common sense in the 
matter, and not expect that a wheel of a given capacity can be made in so per- 
fect and durable a majiner for four hundred as one that costs four thousand dol- 
lars. The idea is equivalent to the quandary of the jouxu; man who hesitated 
as to whether he should g^ve his girl a piano or a pint of peanuts. Pay a fair 
price, and insist that the wheel shall be thoroughly made in every way, and 
tested before acceptance ; and, unless it gives an average useful eflect of 76 per 
c.nt. from half to whole eate, refuse to take it. A wheel that will give such an 
average is good, and willdo a third more work with the same water, under the 
ordiuiiry working conditions, than an}' Boyden or Victor ever made. There is 
another and very erroneous plan of fitting up mills : that is, to use wheels much 
too large for the work with tne ordinary ncaa. in order to avoid stoppage during 
biick water. Such wheels are entirely out of place, for if geared for tne ordinarv 
head they run at great loss through waste of water at all times — during the ordi- 
nary head, because too large ; and, during back water, because gearedibr a high 
speed. 

A much better plan is to have two sets of wheels— one of the proper size for 
the ordinary summer head ; the other much larger, and placed higher up in the 
pit, and geared at a lower speed. Plans of little credit to the engineering ability 
of the past have been in common use, because convenience and avoidance of 
trouble have been considered more desirable than economy; but competition 
will soon compel greater care and skill, and it will then be found that conven- 
lence and economy can be made to work together. 

Twenty-five years ago, after coaling a steamship for an Atlantic passage, there 
was no room left for freight. Now, the passages are much quicker, and not a 
fourth as much coal is needed, so that a large proportion of the freighting is now 
done in steamships. 

To make the same gain in the manufacturing business, more intelligent man- 
agent is absolutely necessary — superintendents thoroughlv acquainted with the 
business, level-headed and first-class mechanics ; and such managers will leave 
eminent hydraulic engineers^ of the John Smith type, mentioned in another 
part of this work, severely alone. 



Turbines Banningr Faster than the Water that 

Drives Them. 

We often hear of destructive collisions when heavy bodies meet, but never 
when two bodies are moving in the same direction — the foryrard one the fastest ; 
yet the turbine often moves faster than the water that drives it, and does 
good work. [See, for example, Upham wheel, test 13 ; weight, 100 pounds ; 
revolutions, 800 per minute.] The wheel was 30 inches in diameter, on wha; 
would be the pitch-line of gear of that shape. Any one acquainted with such 
matters can get the circumference and spirting velocitv of water for the head 
g^ven, and thus verify the statement. Such turbine builders as claim to be 
scientific, have a theory to fit the case, but do not agree well with each other. 
Will not some of our college professors or students, those engaged in such 
studies, give it attention? and in so doing take into consideration the fact that 
the Upham wheel discharges the water obliquely outwards near the periphery of 
the wheel, where its velocity is greatest, instead of near the centre, where the 
Telocity of the wheel is less than the spirting velocity of the water — seemingly a 
Aufficient proof that theories based upon the central discharge idea are incorrect. 



\ 
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Division or Measurement of "Water Power. 

The time can not be distant when those interested will look back and smile a% 
the crude methods continued in use up to this time to determine the quantity of 
water used by the different parties taking power from the same fall — methods 
well enough a half century since, when the most of such power was running to 
waste, but simply ridiculous now, when the demand is fkr beyond the supply. 

The float method in use at Lowell can hardly be considered anything more 
than a preliminary to guessing at the quantity used. It, however, does not 
interfere with the operations of the mills, but any agent may favor his discharge 
while such measurement is being made, and there were rumors that such cases 
occurred at times. Mr. Francis has seemed ready to adopt a better plan, when- 
ever such is found, though his many cares have prevented him from experiment- 
ing personally for the purpose of developing one. 

There are or were various methods in use at Lawrence— wiers here, shanties 
there; weirs to measure leaks, a weir to test the tostor— examinations of appa- 
rent gate opening, examinations in every conceivable place except, perhaps, the 
right one. Yet, what would the whole amount to in case those interested should 
combine for the purpose of deceiving those making the measurements? It is 
not likely that such a combination exists, but a method that can be affected in 
that way is a very imperfect one, and the use of such indicates the lack of the 
"fertility in expedients" necessary to meet emergencies so common in the engi- 
neering business. The continued dependence upon old foreign methods is dis- 
creditable alike to those having charge of the immense water powers of this 
country and the ingenuity of our people. 

Several years ago, and before any arrangements were made for measuring the 
power at Holyoke, I advised the agent of the Water Power Co. to arrange to 
measure the discharge from the mills, then being constructed, in the tail-race of 
each ; also to have all wheels that were to be used in Holyoke tested before being 
set in the wheel-pits for which they were designed. Reflection soon caused me to 
abandon ideas so crude. Measurements in the tail-race reduce the head and 
change the discharge and conditions generally, notifies the party interested of 
what is being done, and gives a chance to reduce the work and favor the dis- 
charge of water. 

To attempt to determine the discharge of a wheel in a mill by comparison 

'with a previous discharge in a testing flume, when the wheel was new and in 

perfect condition, would be unjust to both parties interested. Because a wheel 

can discharge 6000 cubic feet per minute, it by no means follows that quantity is 

used in the mill. A larger wheel is invariably put in than actually reauired, to 
have a surplus power for emergencies. The buckets and chutes of a wheel soon 
become rough, get broken, become clogged, or it would require but little inge- 
nuity to so diange the gate arrangement as to deceive completely as to the state 
of gate opening. Any pretense of giving the discharge of one wheel by com- 
parison with that found by test of another of the same make, could only be done 
by ifl^noring the knowledge gained from a dozen years of constant experience in 
turbme testing, namely: That builders are constantly changring their plans; 
still further, tnat two wheels designed to be exactly alike, made from the same 
pattern, often vary wildly in their discharge. In short, the adoption of such a 
plan for measurement would have been the acknowledgement of such ignorance 
and incompetency in such matters, that I advised a series of experiments for the 
purpose of finding an accurate but simple and inexpensive plan for measure- 
ment of the water used bv manufacturers, free from interference with the work 
of the mill, or that could be affected by parties interested. The purpose was 
suggested in the last edition of this work, in the description of me Ilolyoke 
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Testinff Flame. It is a pleasure to state that that purpose has been accom- 
plished bj the finding of a simple automatic method by wnieh the water flowing 
over any fall may be accurately measured or dividea, so that each owner can 
have the exact quantity belonging to him and no more, unless bv consent of the 
others. The operation is continuous. An illustration of the plan may be seen 
upon next page. 

D represents the ordinary head gate to race, raised sufficiently to supply the 
mill and keep the water to its proper height. K represents a wicket gate placed 
in the lower end of race and near penstock, in which the turbine stands. T, a 
cylindrical tank, with a square recess on one side near the bottom. In this re- 
cess there are two openings : one to let the water in, and another to let it out 
down through the pipe, C, shown by dotted lines. These openings are opened or 
closed by the swinging coyer or yaive, «, which works upon the center pivot, t. 
The valve is connected to the float, F, by a rod connected at a. In the tank, T, 
there is placed the float, N, which has a rigid central shaft projecting upwards, 
connecting at the upper end to the wicket gate, E, by the bell craak» A, and 
rod, B. 

OFX RATION. 

The head gate, D, is raised sufficiently to keep the canal, race or flume filled 
to a fixed water level, when the quantity agreed upon is being used. The float 
buoy, F, is half submerged at that time, and both the openings in the tank, T, 
are closed or opened alternately in a slisht degree with the oscillations of the 
surface water acting upon the float, F. The wicket gate is kept at a fixed open- 
ing so long as the draught is constant. Suppose, however, the mill owner 
attempts to take more than agreed upon, and opens his wheel gates accordingly? 
The velocity of water in the race instantly increases, the surface level drops, and 
with it the float, F, which opens the inlet to the tank, T, and, as that fills, the 
floating buoy, N, rises, and the wicket, K, closes until the velocity is checked 
and the surface level is restored to its proper position. If it becomes too high, 
the float, F, opens the outlet and the water in tank, T, is discharged down 
through the pipe, C, shown by dotted lines. This opens the wicket more, so 
that the quantity due the mill is always ready, if the general supply is sufficient; 
if not, then all the head ^ates upon the fall are to be opened in proportion, so 
that each mill will invariably get its share. If one attempts to take more, he 
will simpl;^ lose power through loss of head, in proportion to the quantity he 
unjustly tries to appropriate. 

To measure or deliver a given quantity, it is only necessary to adjust the 
wicket gate in unison with the proper surface level until the discharge is the 
exact quantity agreed upon, which may be determined by a weir below, or in 
any manner that may be selected ; then, when the discharge is right, secure the 
wicket gate and floats in a manner b^ond chance for change, unless by consent. 

The method is not theoretical, for I have had it in use many months and have 
watched its operation daily. It is sensitive far bevond my anticipations when 
first planned. It may be easily applied to the turbines or other devices used 
to operate head or overflow gates. With its aid the surface level in a canal or 
race may be kept constant, so that the most perfect economy is practicable, for 
it prevents the drawing down of head and the use of an unnecessary quantity oi 
water to make up therefor. It will not strike for higher pay, go to sleep, or 
become careless. I believe it to be perfectly practicable for measuring or divid- 
ing water used for power under any condition likely to occur, and far more accu- 
rately and cheaply than any other plan known. 

By using a hanginsr balanced gate, like Fig 2, and which may be operated sub- 
stantially as the wicket described, a perfect aperture discharge maybe obtained. 
Such a gate may be used temporarily at almost any mill, as now arranged, and 
at any, as thev may be arranged ; so that wheels may be tested in the mills where 
they are used, without detention, instead of necessitating a testing flume made 
purposely for such tests. 

A special testing flume in the future can only denote incompetency, for every 
mill may and should be a perfect testing apparatus by which the sligiitest defect 
in efficiency or power should instantly be made apparent. Competition will 
soon compel greater economy in maimfactures, and particularly in the power 
required; and certainly a vast saving is possible in that, for there are thousands 
and tens of thousands of tons of coal annually consumed in the New England 
States alone, to make up for the water power wasted through ignorance or thrift- 
less management. 



Tnrbine Axainst Breast Wheel. 




McMDi. S^tli. NorthBrn & RobinaDn, of Hulfanl. Ct., htvt n gtiit miU four 
miles from H«tford.tbBC bid ■ brevt wheel lefEel iaaiuneUr.lSfeet lei>gtb 
of biickeU. dirlded Into tliree «Mion» of 4 feel i incliP! each-, the bucket! were 

flfCet. Ttie'breHt wbUl wu supposed' 10 'be go Euperior to b turblDe', Ihal It 
h«d been kept In, though it wu IroBbleii much by ice during e»cb wlnlEr. The 
Arm coasolled me unou the subject, ind, after months of hesitation, concluded 
to cbmge. and to follow my directions upon the following terms : The tutbines 
to be selected br me, and tesled before HccepUoec; the plans for cbaDge lobe 
furnished by Wm. J. Sumner; my remuneralion 10 be a barrelof bran orBour, 
according to my success. A weir was constructed in the stream below the mill; 
the breast wheel and turbine to be tested in the mill, by grinding— the dis- 
charg« to he measured from each below the milt, under exactly the same con- 
yoke before acceptance. Reeulla are given below. 
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Before taking the breast wheel out, it was tested by giindinfr coni and measur- 
ing water below. The stones were sharp and in good condition. The head was 
12 feet ; gates opened in full. Ground old corn coarse, but very sharo, clean, eTcn 
grit meal. The change was made ; then the turbines were tested in the same 
way, but I think the com stones were not in so good condition as when the 
breast wheel was tried, but may be mistaken. New com was ground with the 
2&>iuch turbine. The coai'sest part of the meal was as near like that ground hy 
the breast wheel as was possible to make it ; but it was uneven, much of it 
being quite fine. This was attributed to its beiiur made from new com. The 
miller made every effort to make the trial fair. The results are given below. 
The rye stone was driven by the 20-inch wheel, the gate being opened about 
two-thirds — all that could be used. The flour produced was the mcest I have 
ever seen made from rye. 

Tkbt or Bbbast-Whksi., at Full Gate. 

Head, 12 feet; length of weir, 10 feet ; depth on weir, 8 13-16 inches ; quantity 
of water, 1239 cubic feet per minute; 28.08 horse power. Ground 20d0 pounds 
per hour, or 1.3 bushels per each horse power of water used. 

Tkst oi* 25-Inch New Axbricak Whxbl, 

It having replaced the above-mentioned breast wheel. Head and length of weir 

the same. 

Fitll Gate.—I>epth. on weir, 8 15-16 inches; 1266 cubic feet per minute; 28.7 
horse power. Ground 3528 pounds per hour, or 2.2 bushels per each horse 
power of water used. 

0€tte Opened TYoo-Mircb.— Depth on weir, 7 15-16 inches ; 1059 cubic feet per 
minute; 24 horse power. Ground 2900 pounds per hour, or 2.15 bushels per 
each horse power of water used. 

Gate Hatf Opened, — ^Depth on weir, 7 inches ; 879 cubic feet per minute ; 19.9 
horse power. Ground 2^ pounds per hour, or 2.1 bushels per each horse 
power of water used. 

Tbst or 20-Inch Kbw Axxbican Whxxl in Saxb Mill. 

Depth on weir, 64 inches; 789 cubic feet; 17.9 horse power. Ground four 
bushels of rye in seventeen minutes, or 14.1 bushels per hour. Eighty per 
cent, of power of water used ; 14.3 horse power, or substantially a bushel per 
horse power. 

After a few weeks' time, the proprietors sent me a barrel of ** Pillsbury's best." 



Bumingr or 'Wearingr Down of Step 

Hay, and does happen with any make of turbines. Two turbines of the same 
make, seemingly exactly alike, and placed in a pit side by side, the step of one 
may wear down monthlyt the other not at all. The cause was attributed to 
pressure from downward dischaige ; but if eigh^ per cent, is used to rotate 
wheel, die other twenty would be no more weight with downward than any 
other discharge. The Swain was noted for wearing down step. I knew of one 
24-inch wheel that had nineteen steps in thirteen months. Others of the make 
had to be suspended by collars on shaft. A 36-inch wheel of the kind was 
sent to me to be tested. A collar that should have been on to keep wheel in 

Elace was left off. When the gate was opened, the pressure raised the wheel and 
rake, and it was impossible to test it until one hundred and fifty pounds were 
added to the brake to keep the wheel doxon upon the step. The Boyden wheels 
used at Lowell are suspended by neck on shaft, as are the Kilbum & Lincoln 
wheel of Fall Kver. The Blsdon has a counterpoise above the wheel, drum- 
shaped (see his new wheel). Many plans have been tried. A common one is to 
channel top of step ; another is to lead water from the penstock through a piece 
of 5i^-inch steam pipe, to bottom of step — a hole up through first being made ; 
some chamber the lower part of step, then make numerous small holes up 
through, like the top of a pepper-box, taking water from the flume throueh 
pipe. Great weight upon the step in the way of shafting, gearing, &c., should 
be avoided when possible. 
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Railroad Sugrgrestions. 

It may be said that such suggestions are out of place in a work of this kind» 
but my experience has been gained from experiments made in many parts of the 
country— often in very distant parts — and the railroads have much to do with 
my ability to obtain such experience, consequently are part of the instruments I 
work with. 

The rather common practice of roasting car-loads of passengers, when col- 
lisions or'other accidents occur upon our railroads, has caused an agitation of 
the subject of car-heating. Safety as well as comfort is desired. The ancient 
and semi-barbarous plan of placing a stove at each end fails to give either, while 
such stoves take space for eight seats, disfigure and inijure the cars, half roast a 
few near them, leaving the larger proportion to sit with cold feet and generally 
uncomfortable throughout the passage. Why not liave a boiler for heating 
placed in the baggage car, to furnish steam for heating the passenger cars with 
safety? 

Another want, is light trains between commercial centres and neighboring 

cities — trains that may readily be stopped and started, something as horse-cars 

are; that is, within reasonable distances. Such trains should be made up of 

light engines and cars, and have commutation fares. With such in operation, 

there would be no need of the heavy or through trains stopping so often. The 

manager of the ordinary railroad should feel ashamed to have a horse-railroad 
run for miles alongside, as from Boston to Lynn, and pay expenses. 

Sunday trains on all roads are also much needed. Those who object to such, 
are impracticable persons, who do it through ignorance, and without considera- 
tion of the changes that have taken place smce the Jewish Sabbath was institu- 
ted. At that time, labor was continued for from fourteen to sixteen hours per 
day; indeed, it is within the memory of those of middle age, when the hours of 
labor were nearly the same in the New England States. As a day for rest, Sun- 
day has no such claim as formerlv. The God of Moses had reason for requiring 
such a day; but the God of to-aay has not. Besides, ages of experience has 
proved that He has been cheated constantly, for the most bigoted believer haa 
never hesitated to lie in bed three hours later Suudav than other mornings ; then, 
at evening, say : " Well, boys, we have got a hard day's work to do to-morrow, 
eo we must go to bed early.'* All nature ignores the day : the billows rage as 
fiercely, the thunder is as loud, the tempest is as destructive, the blossoms as 
beautiful, vegetation and animal life as progressive upon that as upon any other 
day in the week. In Moses' time, families and tribes were separated but little. 
How different now ! Business necessities often separate the nearest relations. 
The father of a family is often hundreds of miles awaj^. It has happened three 
times in my own experience that telegrams, announcing the d]^ing condition o| 
members of my family, have been received late Saturday evening, and it is not 
likclv my experience in that way is exceptional. Those who desire to observe 
the day as sacred, should be allowed to do so without hindrance ; but it is very 
different when such believers trv to compel all others to do the same. Our pris- 
ons are filled with theoretical believers in the idea, if we may judge from the 
declarations of those about to be hanged for murder. If such is the effect of be- 
lieving one day better tliau another, would it not be better to teach that all days 
are good, and mix religion with business? 



Water Supply for Cities. 

Now that there is a general complaint of waste of water, and apprehension 
that the supply will soon be much less than the demand, would it not be well to 
have a high service for extinguishing fires, and a low one for domestic use, or 
have the discharge for the latter retarded? The unthinking user leaves a faucet 
open just as lon^, in most cases, where the pressure is a uuudred pounds per 
inch as where it is only 'five or ten. 
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Holyoke and Its Water Power. 



Some eighty miles from the mouth of the beautiful Connecti- 
cut, almost in the shadow of Mounts Tom and Holyoke, there 
is a fall of nearly sixty feet in a short distance that once formed 
what was called the " Great Rapids," near which, from time imme- 
morial, the aborigines of the country gathered in great numbers in 
quest of fish and game; and until within a few years '^Indian 
fireplaces " have dotted the banks that are now covered with mills ; 
indeed, Indian skeletons, implements and arrow heads are often 
found in the vicinity at this time. I^ear the foot of the falls the 
river makes a sharp turn to the right, and in this curve is situated 
the city of Holyoke. In 1831 this place was a part of West Spring- 
field, known as " Ireland Depot," with but few inhabitants, and 
those of but little account. In t;hat year the Hadley Falls Co. was 
formed, and a small cotton mill of 4000 spindles, (known until 
recently as Hampden, Jr.,) was erected, receiving its power through 
a canal, and wing dam running obliquely up the river, which at this 
point is wide, with rock bottom. A power so immense and conven- 
ient to the business centers of the country was not likely to escape 
the notice of capitalists. The volume of water flowing in the river 
in ordinary seasons, was found to be about 6000 cubic feet per sec- 
ond, or for the fall about 30,000 h. p. ; but allowing one-third dimi- 
nution for the driest seasons the available minimum was rated at 
20.000 h. p. In 1845, it was decided to construct a dam across the 
river, and one with a base of 60 and a height of 30 feet was 
completed Nov. 19, 1847, but before filling to the top it rolled over 
and went down stream ; this was a severe loss, but the experience 
was valuable. The dam now standing was completed Oct. 22, 
1849 ; it had a base of 80 and a height of 30 feet, the upstream 
incline having a face of 90 feet besides gravel filling at base. 
The dam is constructed of timber 12 inches square, crossed and 
bolted, the openings filled with stone. As the bed of the river 
is rock it was not supposed that the overflow would wear to any 
perceptible extent, but in 1868 it was found that cavities from 
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8 to 25 feet in depth had been cut close up to the dam, and in the 
years 1868, '69 and 70 the Holyoke Water Power Co. made expen- 
ditures amounting to $400,000 — in the construction of an apron 
of heavy timber work filled with stone — to fill the space caused by 
the action of the water This apron is united to the dam in the 
strongest manner possible, is 50 feet in width and 52 in height, 
its base resting 22 feet below that of the dam. Starting from the 
crest, which is plated with iron, the apron slopes down stream nearly 
to the water below. The whole structure is now 130 feet wide, 30 
feet high from bed of river and 1019 feet in length between abut- 
ments, and permanent beyond chance for doubt. The present Water 
Power Co., G. M. Bartholomew, President, W. A. Chase, Agent and 
Treasurer, was established some time after the failure of the Had- 
ley Falls Co. in 1857, the change infusing new life and energy into 
the multitudinous improvements then contemplated, and since con- 
tinued with such magical results. In 1861 the valuation of Holyoke 
was $2,270,439 ; population, 8,500 ; at the present time the valua- 
tion is nearly $10,000,000, while the population is about 19,000. 
The system of canals is laid out on a scale commensurate with the 
vast volume of water to be distributed. There are three levels of 
canals, with a total fall of 56 feet. The main artery of the system, 
starting with a width of 140, and a water depth of 22 feet, 
extends eastward past the great waste weir about a thousand feet 
and then sweeps southward in a right line for a distance of more 
than a mile. The second level canal extends northerly for a mile 
and more parallel with the first, and 400 feet easterly from 
it, and thence easterly and southerly for a mile and a quarter 
more, at a distance of about 400 feet from the river, this marginal 
portion of the second level affording mill-sites along its whole 
length, from which the water used passes directly into the river. 
The third level canal, 100 feet wide and 10 feet deep, is also a mar- 
ginal canal, with mill-sites along its entire length, and extends 
3,550 to the other terminus of the same canal, thus making with 
the latter, a line of marginal canals, around and near the whole 
water front of the city. The cost of unfailing water-power, at this 
point, compared with steam-power is well shown in the following 
article : 

"Like other commodities which are bought and sold, water-power 
here has its own unit of measurement, called a mill-power, which 
is thus defined in the deeds of the Holyoke Water Power Com- 
pany :- ^ 



33 

' Each mill-power at the respective falls is declared to be the iM I I \ " 
right, during sixteen hours in a day, to draw from the nearest canal iq q\\^ q \ 
or water course of the grantors, and through the land to he granted, * 
38 cubic feet of water per second at the upper fall, when the head 
there is 20 feet, or a quantity inversely proportionate to the height 
at the other falls.' 

Thirty-eight cubic feet per second under 20 feet head is 86.20 
horse-power, 80 per cent, of which is 68.96 horse-power that may 
easily be realized by the use of good wheels. When a site for mill 
or shop is taken, the requisite power is conveyed to the occupant 
by an indenture of perpetual lease, the form of which is never 
varied. The last purchaser takes the same rights in kind as those 
who have preceded him or those who will come after, until the 
sales shall have reached that safe limit of available power, which 
has been resolved upon. Having entered into such an indenture, 
the mill-owner, relieved of all anxiety or expense of maintaining 
the dam and canals, confident of the permanence and safety of the 
g^eat hydraulic system, and secure in the guarantees of the corpor- 
ation which controls it, pays his semi-annual rental, finds the 
canals always full at his head-gate, and makes his plans and con- 
tracts with the assurance that his due allowance of motive power 
will be always forthcoming — a power which is furnished at a rate so 
cheap as to be almost nominal, when compared with the prevailing 
rates of rental in other parts of the country, or with the cost of 
water-power derived from streams of the average size. The annual 
rental per mill-power is 260 ounces of silver of the standard fine- 
ness of the coinage of 1859, which is in practice paid in current 
funds, and amounts to about ^300 a year, or $4.35 per horse-power, 
an expense so small as to be hardly an appreciable item in the cost 
of any manufacture. The prices charged for water-power vary so 
widely in difierent sections of the country, and the comparative 
value of such power depends so much on locality, accessibility and 
other natural conditions, that no stated comparison is here attempted 
between the annual rental above given and the ruling rates else- 
where ; but if the reader takes the trouble to institute such a com- 
parison, it will not only be found that the cost of water-power here " 
is far less than the average rental throughout the country, whether 
paid as water-rent or in the form of interest and maintenance, but 
also that to-day, all things considered, Holyoke affords the cheapest 
manufacturing power in the worVl. 
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The claims in the foregoing were copied from printed statements at a time 
when the local idea prevailed that the Ilolyoke water power was nearly inex- 
haustible. Interested parties have criticised them, and blamed me for their pub- 
lication. My desire is to make this work useful to the real engineer of the 
future, and to all interested in such matters. The Connecticut, river, like a 
small brook, rises and falls rapidly ; its extremes of supply are great ; the maxi- 
mum of 6000 cubic feet per second is moderate, as it is often more than six times 
that. During the eight years in which I have had occasion to notice its flow, the 
sheet over the dam for a larg^ portion of each year has varied from one to ten 
feet in depth— often five or six. In two or three of the eight years, the overflow 
has continued through the entire year; in each of the others, for a brief period 
in summer, the dam has been dry. The minimum I should estimate at from 
2000 to 2500 cubic feet per second ; at any rate, the whole of the rirer passed 
i nto the main canal through the twelve head gates, each 8 x 15 feet. The past 
summer was exceptional — phenomenal, in fact. The water in the river was 
lower than ever before known; the supply was insufficient for the power re- 
quired; consequently, the head was continually falling while the mills were 
running. The dam, when filled, sets the water back several miles; the banks 
are irregular, so there was no way to measure the supply except to keep the 
head gates shut a sufficient length of time to make it certiun the natural supply 
was flowing over the dam. This was not done, and no measurement worth the 
name was made. I was up and down the river many times during the lowest 
stage of water. In many places the river was easily fordable. There was one 
place, in particular, some three miles above the dam, that attracted my atten- 
tion most. The deepest part could not have exceeded three feet, while much 
of the width was less than a foot in depth. It was deeper above, so that the 
velocity over the bar was moderate. A cross section of two by two hundred 
feet, with a velocity of three, or twelve hundred cubic feet per second, I think, 
would cover the flow; but suppose it to have been flfteen hundred, that quan- 
tity, foiling fifty-six feet, would evolve 9520 h. p., or, accumulated and used in 
ten of the twenty-four hours, would produce 22,848 h. p. There were a few days 
in which the supply was insufficient to run the whole of the mills, even that 
length of time, I think. 

That the water power at Holyoke may at all times equal 30,000 h. p. is merely 
a question of reservoirs to retain some of the abundant surplus ten months of 
each year, to be used in the other two. 

The haste for large immediate dividends has harnessed the noble river to a 

business insatiate in its demand for more ; the paper manufacturer that has all 

the power he wants, is a phenomenon. Except the hebdomadal stop, more for 

repturs than prayers, the draught from the pond is unceasing. GHie water power 

sufficient to give employment to a thousand hands in the manufacture of paper 

would be abundant for the employment of six thousand in the manufacture of 
cotton goods. The effect of this upon the future of Holyoke is conceivable. The 
idea of an inexhaustible supply of water at Holyoke caused many of the wheel- 

§its to be made of less depth than that necessary for utilizing tne whole head 
uring the dry season, but the greatest loss occurs through the use of poor ol 
ill-adapted turbines— turbines much too large for their capacity in ordinary 
times, that there mav be no detention during backwater. But Holyoke is not 
exceptional in this, tor at least one-third of all the water power of the country 
that is used is so wasted ; and of the three great powers of this state — Holyoke, 
Lowell and Lawrence— it is safe to estimate the waste at a greater quantity than 
would be necessary at either of the falls to produce a i2n*eater powor than that 
realized from the whole fall of the Merrimac river ht either Lowell or Lawrence. 
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The rates of the principal Water Power companies of the country 
are here given for the convenience of those interested in such mat- \ ' • - ' ' 
ters. It will be seen that a "Mill-Power" is a verv indefinite 
matter, and it may be well here to give its origin, which is as fol- 
lows : Early in the present century, there was a mill at Waltham, 
Mass., containing 3,584 spindles; the company owning that mill 
colonized Lowell, and the supposed power required at the Waltham 
mill, was that fixed upon as a "Mill Power" at Lowell, which is 
here given : 

LowBLL, Mass. 

Each mill-power or privilege :it the respective falls is dedsired to be the right 
to dr&w from the nearest caual or water coarse of the said proprietors so much 
water as, during 15 hours in eyery day of 24 hours, shaiH give a power equal to 
2S cubic feet per second at the great fall, when the fall there is 30 feet, or enough 
to give the same power at any of the other falls. The whole owned by the Com- 
panies, none to let or sell. 

OrFicK OF EssKx CoMPAMT, Lawrbhci, Ma88., June 16, 1877. 

Jambs Swbson : Dbab Sik :— Yo.ir letter of this date is at band. A " Mill 
Power ** at Lawrence is defined to be the ** right to draw so much water as shall 
ffive a power equal to SO cubic feet of water per second, when ihe head is 25 feet,*' 
for not more than 16 hours in each day of 24 hours. For this the charge is an 
annual rent of $1200. and this is at the same rate for small ais well as large water 
takers. This is 85 gross- h. p. for $1200=$14.12 per h. p. of water. It might be 
a fair general statement to say a horse power by steam would cost 50 or $60 a 
year more than a hone power by water ; but this would be modified by circum- 
stances. Yours truly, 

HiBAK F. Mills, Engineer. 

U. S. BuHTiNG Ck>if PAMT, LowBLL, Mass., Aug. 1, 1877. 

Ma. Jambs Embbson : Dbab Sib:— Replying to your favor of June 16th last 
to D. W. C. Farrington, I have to say with regard to the subject upon which 
you made inquiries of him, that it is the custom of the Wamesit Power Com- 
pany of Lowell to let floor room to their tenants at a stipulated sum, depending 
upon location, Ac, &e ; and then the power is hired at $75 per year, per horse 
power extra. When anv question is rused on either side as to the power actu- 
ally used, we apply a Dynamometer of your make, and measure it as near as 
possible. 

Waltbb H. McDanibls, Supt. 



Ofticb of Ambricah Priht Works, 
Fall Hivbb, Mass., June 18, 1877. 

Jamxs Embbsom : Dbab 8ib :^Yoar favor of the 16th lust, is at hand. JA 
reply would say, that the water-power in Fall River is not let, but the stock in the 
. Watnppa Reservoir Co., which controls the water-power, is held by the several 
Corporations using the power in proportion to the height of their respective falls, 
and no charge is made for use ; but the expense of maintainin<? the Reservoir 
Company is borne by assessments upon the several Corporations, from time to 
time, pro rata, according to heiprht of fall of each. There is but a sinyrle outlet 
from the Reservoir. The total fall from Reservoir to tide water is 128 feet ; and 
the mills are located one below another, so that they each get precisely the same 
qnautity of water, as each mill takes just what the one above it delivers. The 
quantity is about 122 cubic feet per second. I am just now unable to give an 
answer that would be jiatisfActory to myself as to the comparative cost of water 
and steam'power. 

Yours truly, 

Thob. J. BoBDBM, Treas., 

Watuppa Reservoir Co. 
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OFriCX-MlNMSAFOUB MiLL CO., 
MiNNBAPOLIB, MiMN., Julj 5, 1877. 

Jaxss Emvrsoh : Dbab Sib :— With reference to rentin? power, I would say 
that rentals arc made at so much for Mill Power, which is demg^ated as 30 cubic 
feet of water per second, with head of 22 feet. Present price for Mill Power 
$1000 per yets, bat from this back to earlier dates rates decrease considerably. 

Yours truly, 

H. H. Douglass, Eng. and Agt. H. H. Co* 

Bellows Faixs, Yt., June 28, 1877. 

Jambs Ekbbbon: Dbab Sib :~7 ours of the 22d is just receired; a Mill 
Power, in our lea^e, is the right to draw equal to 30 cubic feet per second, under 
25 feet head. Price for a Mill Power is 387 ounces Tro^r Weitiht of silver, of the 
present standard business of the silver coin of the United States, as an equiva- 
lent in gold, which is 450 dollars. 

Yours truly, 

ROBEBTSON, MOOBB & CO. 



Manchbstbb, N. H., June 29, 1877. 

Jambs Embbsoh : Dbab Sib :^The rule for a Mill Power here is as follows : 
Divide 725 by the number of feet fall minus 1. and the quotient will be the num- 
ber of cubic feet per second for a Mill Power on that fall. For instance : The 
fall at the upper level is 20 feet; then 725 divided by 19=38.1. which is number 
of cubic feet per second for that falL The Mill Powers are let to manufacturing 
concerns at an annual rent of $000 each. This includes the land necessary to use 
the power on, together with some room for tenement blocks, but no buUaings or 
macninery. 

Yours truly, 

JOBBPH B. Sawtbb, C. E. 

The Oswego Canal Company, Oswbgo, N. Y. 

The Lessees at (heir joint option may be allowed for each run of classified 
water, either; 1st.— One thousand cubic feet per minute; or 2d— So much as 
will be drawn through a central discharge water-wheel of the kind now used on 
the C:anal, with a s^out, the cross section of which shall be lS8>i square iuches 
at the smallest point, provided the outlet does not exceed in diam<ter one- 
half the diameter of the wheel, nor in clear openin&r & surface, 3^ times the sec- 
tion of the spout ; or 3d.— So much as will be drawn through a Reynolds wheel 
with a spout, the cross section of which measures 166^ square inches at the 
Bmallest point, provided the total outlet does not exceed toe section of the spout 
more than 50 per cent., and the superficial center of the outlet is not over 2-3 the 
radius of the wheel from the center thereof. The second and third alternatives 
are estimated to give the same quantity of water, and equal to about 1175 cubic 
feet per minute, when the clear head on the wheel is 14 feet. 



Dayton, Ohio, July 12, 1877. 

James Embbson : Dbab Sib .'—Water-power is supplied to the mills on the 
three levels or falls through metallic gaugta; calculated and adapted to pass 
under a certain head so many cubic feet per minute. For example, in the Day- 
ton Uydniulic Company we give a head of lo inches above the center cl me 
gauge, and with that head giye 233X cubic feet per minute for one power. The 
ompanv teiow us, under I believe the same head, over a 10^ feet overshot, give 
800 cable feet per minute for one i^ower. The price per power (or "run of 
stone," as it was originally called,) is, I believe, uniformly here $200 per year. 
You wish, also i he relative cost between steam and water-power. Water-power at 
$200 per year for one run of 5^^ horse-power, would cost eleven sixty-eight one 
hundredths dollars per day for 100 horse power. Steam, with the latest improved 
steam-engine, as tested by experts, will give one horse power with 3 lbs. coal 

Eer hour ; coal at $3 per ton would be ten eisrhty one hundredths dollars for 100 
orse power per day of 24 hours. An engine of this kind, with boilers, would 
cost about $5000. Water-wheel, with the same power, " under an ordinary fall 
12 or 13 feet," with penstock and flume would cost about $2000. The foundation 
for steam-ergine would cost about the same as it would to dig a wheel pit* With 
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«n ordinaiy slide yalve en^e, snch as we use, costs about $27 per day ** 24 
hours *' for 100 horse power. If I can give yoa farther information, will cheer- 
taHj do so. 

Very respectftilly, 

JoHH 6. Lows, Sec'y & Sap't D. H. Co. 



OuiATO^ro Watbb Compaht, 
BiBXiNGHAX, Conn., July 16, 1877. 

Jahbs Emsbson : Dbab Sib :— Yours of the 14th is at band. Oar terms for 
the rent of water, per year, are $2d0 per sqn ire foot, 12 hours per day,— one 
square foot bein^ a discharge of tire cubic feet per second. We use the weir 
measurement adopting J. d. Francis' formula for the computations. What we 
desiirnate as a square foot of water under our head is equivalent to 12.6 horse> 
power, in short $20 per horse-po\ver per year is about the cost of water here. 
With reference to lot and building , the Company offer inducements in propor- 
tion to the desirability of the business to be located. 

Bespectfully yours, 

D. 8. Bbinskadx, Secretary. 



WiNDSOB Locks, Conn. 

Us jal head 24 to 28 feet. Watrr rented so much per inch, yearly, price vary- 
ing with date of lease ; extra water now charged at the rate of from two to two 
and a half dollars per inch; quantity determined by apertures through iron 
plate ; apertures, parallelograms with parellel interior edges, center of aperture 
to be 2^ feet below the surface. 



Uniontillb, Conn. 

Water rented as follows : The one hiring to be entitled to such quantity as can 
be drawn th«'ough an opening one foot square, the center of the opening to be 
under two feet head ; I think the power is now owned by the several companies, 
and that there is none to rent. 

» 

COHOBS, N. Y., July 14, 1877. 

jAKBfl Bxbbson: Dbab Sib *.^ Your favor of lOth inst. to hand. I under- 
stand the charges of the Cohoes Company to be $200.00 per Mill Power per year, 
or $20.00 per horse power which inclndes use of water and rent of land. The 
li-ases define the term ** Mill Power,'* as '* a Water-Power equivalent to the 
power given by the discharge and use of six cubic feet of water in each second, 
when the fall IS 90 feet** 

Yours truly, 

WX. T. HOBBOBIH. 



Officb or THB DuNDXB Watbb-Powbr Sd Land Co.t 
87 Leonard Street, Nbw Yobk. July 12, 1877. 

Jaubs Ehbbson: Dbab Sib:— Your letter of 10th inst., received. The 
Company leases its Mill Sites with one or more ** Mill Powers." charfring $700 
per war for e(Kh Mill Power. This price indudes the rental ot Mill Site. By 
one Mill Power is conveyed the risrht to draw from the nearest race-way or canal 
8>^ cubic feet of wAter per second, fidl of 22 feet. 

Bespectfkilly, &c., 

M. Walkbb, Secretary. 

Tubnbb's Falls, Mass. 

Bent per year for each h. p. of water used $7.50 or about $10 for each h. p. 
that may be utilized by the use of good water wheel*. 

S 
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Article 65. 



while the quanliljeipended is M the aqnarea of their diameter. 

2, The friction of^an apcrla e of any repilar or irregular fijrore Is «• 
length of the anioof (bacircum3cribiii|[liiu!e,liear1]'i the quuititiea being as 
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8. The less the head or pressnre, and the larger the aperture, the less the ratio 
of the friction ; therefore, 

4. This fricUon need not be mnch re^purded, in the large openings or apertures 
of undershot mills, where the gates are trom 2 to 15 inches in their shortest sides ; 
but it very sensibly affects the small apertures of high overshot or undershot 
mills, with ppreat heads, where their shortest sides are from five-tenths of an 
inch to two mches.* 



• ( 



Horse Power." 



Is one of the most common terms in use amonsst manufacturers and cng^eers, 
and means suflElcient force to raise 33,000 pounds one foot per minute. A large 
proportion of hydraulic computations have to be reduced to this term to render 
them generally intellinble; such being the case it would seem more practical, 
simple ai*d sensible to base leases of water power upon the discharge of a given 
number of cubic feet per minute, and the same of kindred calculations. Compu- 
tations of such matters per second necessitate the use of numerous decimals, and 
these have such a fascmating effect upon the average engineer, that the close 
observer is led to believe that more skill and care is often displayed in elaborate 
ing the decimals than in gaining the data to work firom. 



Percentaere of Discharere. 



The discharge of a turbine in proportion to its openings depends upon its con- 
struction. With those of a central discharge it is the least; with such wheels of 
fair efficiency it is likely to range between 40 and 50 per cent., with outward dis- 
charge. 60 per cent, and upwaids, while with those discharging the water down- 
wards it averages about 55 per cent. The chutes of a curb are made much 
larger at their outer than their inner ends, consequently, can pass much more 
water tlum th^ wheel will discharge, though the openings of tne wheel may be 
somewhat the largest, so that the openings of the wheel govern the dischurge. 
In the past, engineers have expended more time inventing impossibilities and 
hair sphtiing theories than in determining by simple tests points in dispute easy 
of solution. It is hardly possible that a case can ever anne in milling matters 
that a really intelligent engineer cannot readily solve the difficulty, and make it 
so simple and plain as to give no excuse for litigation, and what is more to the 
point, in many cases both parties can be benefited at a tithe of the expense 
caused by a suit at law. If there is a difference of opinion about power used, 
the matter may readily be determined, as may be tlie case if the dispute is about 
the quantity of water used; and the power of stram is as readily determined aa 
that of fiilling water. A few plans tried by myself are ht- re given : 

"DISPUTB ABOUT EFTICIERCT OT TURBINE." 

Thomas Harris, of Providence, R. I. expended something like $0,800 experi- 
menting with four Leffel wheels in a mill at Putnam, Ct., head of 28 feet. A 40- 
inch wheel was tritd first, then a deeper wheel, same size, then a 48-inch wheel, 
then a second 48-inch of extra depth; the speed of looms could not be got above 
J.26 picks per minute. I was culled in to test the power and select a suitab'e 
wheel. By stopping eleven spinning frames the rest of the machinerv whs 
brought up to speed. The wheel was then tested and found to give 186 h. p. 
Allowing 17 h. p. for the eleven spinning frames, and 20 additional for cold morn- 
ings and backwater. I selected a wheel of 220 h. p. since that wh< el w»8 
placed in the mill, the production has been incrcas< d 1000 yards per day. 40.inoh 
sheeting, whUc the discharge of water has been one-fifth leRs than required for 
the Leffel wheel. The expense of changing, my charge included, was $1,600. 

*ThJs aeems to b« proved by flmeaton, In hts experiments ; (see table, Art. 67 ;) wbere, when th« 
head was 83 inches, the sluice small, drawn only to the first hole, the velocity was only such as ia 
•aslgned by theory to a head of lfi.85 Inches, which he calls virtual head. Hut when the sluice was 
larger, drawn to the sixth bole and head 6 inches, the virtual head was 5.S3 inrhes. But ateing 
there Is no theorem yet discovered by which we can truly determine the quantity or effect of the 
friction according to the sixe of the aperture and height of the head, we cannot, therefore, by th« 
aatabllahed laws of hydrostatics, determine exactly the velocity or quantity expended through anj 
mall aiiertare ; which renders the theozy in these cases bat little better than coigectura. 
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DISPUTE ABOUT THE QUANTITY OT WATXB USED. 

In a ease at Jordan, N. Y., tbere was a dispute about the discharge of a 
wheel. The lease panted the right to use what water could be drawn through 
an opening 10x17 iuches into a scroll wheel. The discharge of th ■■ whet 1 was 
measured oyer a wtir; the builder objected on the cxcus*- that he know nothing 
about such matters ; to get over that difficulty a mark was made to indicate the 
depth from the discharge of the wheel; then its gate w:is closed and an opening 
10x17 inches cut in the bottom of the penstock near the wheel; the water was 
thi'U let in and the discharge through the opening compared, and was found to 
be considera>)le less t^ian that of wheel. Of course there was no chance to dis- 
pute that point. 

DISPUTE AB0X7T WOBK DONE. 

In a recent case at North Sunderland, Mass., that had been hi dispute four 
years, and quite a sum had been expended in litigation, my services were 
required in court, where the expert testimony was so scientific that it was beyond 
my comprehension. A proposal was made and adopted, that the court adjourn 
to meet at the mill, whire the case could be settled so that all could understand. 
The case was as follows : A turbine had been put into the mill, under the ag^e- 
ment that with 15 inches of water, under 62 feet head, it should grind 35 bushels of 
corn per hour. Arriving at the mill, a weir was constructed beiow the wheel, the 
gate was then raised unul 15 inches or 394.6 cubic feet of water per minute flowed 
over the weir; with that quantity the wheel ground 61 and a fraction bushels per 
hour. The suit ended there, and the owner seemed pleased that he owned a 
more valuable power than he had thought. Other tests were made, from which 
it appeared that 2.07 bushels were ground per each horse-power utilized. The 
buhr was five feet in diameter, and kept down to 145 revolutions per minute. 

DISPUTE AS TO WHICH USED THE MOST WATEB. 

To settle a case at Auburn, N. Y., where a fine power is owned by L. VJ". Kye 
and the Auburn Mf *g (Jo., weirs were put in above their mills, the wheel gates 
opened in full, then a thousand cubic feet per minute was allowed to flow into 
each tail race through flume and wheel; permanent marks were made on iron 
scales, firmly secured to the wall of each tail race, then marks were added for 
1500, 2000. 2500; 3000, 3500, 4000, 4500, 5000, and finally 5236, as the maximum 
the Manu&cturing Company's wheel could discharge. The dischar^ of Mr. 
Nye's wheel had stopped at 3906 cubic feet per minute. The scales in th*^ tail 
races remain and denote at any time the quantity of water used by each party. 
The weirs above the mills were removed as soon as the scales were marked, in 
well constructed tail races the quantity used may be very accuratejv denoted, 
though, of course, the plan will not answer where the water from difwrent miU# 
is discharged into the same pit, or where there is backwater. 



Backwater Suits. 




There are mill-owners in all parts of the country, who believe themselves 
injured by backwater from dams oelow; to such, the case of L. L. Brown & Co. 
vs. H. N. Dean & Son of South A dams, Mass. , will be of interest. Where Brown's 
paper mill, M. M., now stands, was started 60 years since a saw and grist mill; 
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M maj be seen in sketch; tliis is near the head of one of the branches of the 
river which forms the island. Dean's tannery was afterwards located, on the 
race 6; the dottud line 3 represents the dam therefor; the crest of this dam was 
about level with the bottom uf the saw mill wheel pit; flush boards were used to 
raise the dam still higher, as the bed of the scream above was thun so high as to 
prevent flowage back into saw-mill pic as claimed by Mr. Dean. There seems to 
have been a dispute about the right to use the flush boards, though it was con- 
ceded that they were almost cunstantly in use, thou^ih at times removed when 

J»ower WM not required at the tannery. Afterwards Mr. Dean purchased an old 
ulling mill privUege^and moved hiA tannery further down stream ; erecting a new 
dam which is marked '5, the water being conveyed to tannery through the race 8. 
The dotted li^ie 4 represents the fulling mill dam but little of which remains,though 
there is sufficient to show that it was at least 5>^ inches higher than the new dam, 
the crest of which is six or seven inches higher than the floor of wheel pit in what 
is now Brown's paper mill; the stream over the new dam is 38>^ feet iu width ; at 
the old tannery dam it is considerably narrower. The crest of the o.d dam is 
removed, still the foundation is but a little lower than the crest ot the new dam. 
Two 4 j-inch Swain turbines, 1 and 2, have been placed in Brown's mill to drive 
the machin ry ; these take the water from the pond p, through the sluices shown ; 
the discharge from the upper one passes down through arched races 7, 7, and is 
discharged below the lower turbine into the main race, which is here but a little, 
if any, over 14 feet in width; this race has rough stone side walls. These wheels 
unitedl;)^ discharge from 125 to 138 cubic feet of wa er per second; and the depth 
in race is 26 inches where the width is 14 feet; 23 3i^ inches where the width is 18 
feet, and stiU less as the width increases ; as it flows over the new dam it is but 
nine iuchis in depth ; the velocity is much greater below the old tannerjr dam than 
above. Mr. Brown claims th it the new cutm backs the water on to his wheels; 
to prove this, witnesses testify that until the new dam was constructed there 
never was any watK.r in his wheel pit when his gates were closed, but now there 
always is. It was proved by Brown's witness that in race 6 Dean had 5>^ to 6 
ft. head, and he now nas but 5, while he discharges into the river much lower down. 
Mr. Brown denies that the race has ever been lowered, but th>.' bottom is now 
composed of small pebbles and gravel, while for mUes, above or below the mill, 
the bed of the river is literal.y paved with stones rounded by attrition, varying 
in size from two inches to as many feet. With a discharge f, om good wheels of 
138 cubic feet per second, the depth over a 14 foot weir would be 25 inches, so 
th:it it is plain that Dean's dam is not the cau^e of the depth in the tail race of 
Brown's mill. That there was no water in the saw mill pit while Dean's mill was 
at race 6 is readily accounted for from th j fact that. that race drained the saw mill 
pit while it was open, bat that race was filled up when the new dam was con- 
structed. The water in the pit since, when wheel g^tes are shut, is slmplv 
standinff, not backwater. Though denyine that the race had been lowered it 
was not denied by Mr. Brown that the boulders had been cleared out of the race, 
and of course it would have been iiscl ss to remove these boulders unless they had 
obstructed the discharge from the mill above. From the character and tone of 
Brown's witnesses it was evident that tliey were sincere in their statements ; but 
Bikture furnishes better evidence that the tail race had be^-n lowered, also, that if 
Dean had a right of 5 >^ to 6 feet head at race 6 he could not possiblv encroach upon 
the privilege above, with a 5 foot dam at race 8. I was not called into the case 
until the day before the trial commenced, and had no knowledge of the place 
before, so that I was unable to account for the water standing m Brown's pit 
after Dean's n^w dam was constructed, until ii happened to be mentioned that 
the race 6 was filled up as soon as the tannery was moved to the new dam; then 
the cause became plam. but it was t jo late to explain, and the fact is only men- 
tioned that Lawyers engaged in such cases may understand that standing water 
in a wheel pit is beneficial instead of injurious. As the wheels in Brown's mill 
discharge double the water used by Mr. Dean, it would have been much less 
expensive to have furnished Mr. Dean with a larger wheel so that he could have 
obtained more power even with less head. 



Vexatious Waste of Water. 



One of the most vexations greivances suffered b^ mannfietcturers arises through 
Hxe following circum8tance.<«. Suppose a dozen mills to be located within a short 
distance upon the same fall, one above the other; eleven of them have wheels 
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l\U\rf\Aj ^^^ which the natural flow of tho stream is amply saffident to keep their 

machinery in constant motion ; bat the upper mill of tne dozen has wheels of the 

o r poorest lund, so that they require double the water necessary to do the woric of 

null, and the owner, through mulish pern rsenesn continue» their use, each day 

*^',V OVX(Zj:') exhausting his pond by noon, then as half of the water has flowed over the dams 

^' ' ' below, all of the mills have to stand idle the rest of the day. Of the equity in 

such a case there can be but one opinion; no en^neering skill can atd, and 

only the strong arm of the law can remedy the matter, bach cases are very 

common. 



"Effloiency, Useftil Effect, or Percentaere." 



Are terms used to denote the economy of a wheel in its use of water, or the 
number of gallons it will pump back into the pond for each one hundred gallons 
drawn therefrom to drire the wheel There are wheels that for each hundred 
gallons used wiil return but twenty-fiye, others will return fifty, while medium 
wheels retura seyenty^five, a better class eifirhty to eighty-fiye ; the yt-ry highest, 
under fayorable circumstances will return someciiing oyer ninety per cent., and 
of coarse, other ments being equal, are by far the most desirable. 



What is the Real ^Workiner Head? 



The term " Head" as used in connection with water-power means the differ- 
ence in heifirht from the surface of water in wheel pit to the surface in the penstock 
aboye, when the wheel is running. 



What is a Square Inoh of Water? 



A square inch of water means a stream exactly an inch square, its length 
depeudiug upon the head from wUich it issues ; for a head of four feet, it means 
a stream an inch square, t6.0i feet in len^h, per second; for a head of a hundred 
feet, a stream an inch sqnans 80.35 feet m length, per second. To turn this into 
cubic feet, multiply by 12, then diyide by 1728. 



Pressure of Water on Dams and Boilers. 



The pressure depends upon the length of dam and depth of water. It makes 
no difference whether the pond extends back a rod or a mile. So of steam 
boilers— the large boiler requires thicker iron, simply because there are more 
square inches of surface. 



What Power is Required to Drive a Bun of Stones. 



i '«- i-Tj A more difficult question to answer, because the quantity ground in a giyon 

! t^ M time has much to do with it ; experienced millers west do not use more than fif- 

^' teen horse-power per run, including n ceiying grain, flouring and deliyery in 

barrels. White & Beynon. Lanesboro, Mi>>n. have six run of stones; have 89 
j O ii -* horse-powur of water, about 72 horse-power actual; keep five run at work, the 
' '-' sixth being stopped for sharpening. White, Nash & Co. of the same place have 

the same power, five run of stones, four kept constantly rui.ning; use their 

^ wheel at part gate. It will be seen by examiualion of the Dayton, Ohio, water 

i'"'/,. \ *^ renting rate that 6S^ h. p. has been considered sufficient for a run of stoni s, 

""'-^ ' while with the 1000 cubic fe^t allowed at Oswego, N. Y., used on a Reynolds 

wheel would not realize more than 15 h. p., so that 15 h. p. for each run of stone 



: V " I ■ ' and necessary machinery is a liberal allowance. 
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Loss of Head through the Use of Small Conduit* 



A belief prevails among turbine builders that where the water approaches 
a wheel with perceptible yelficitjr that there is a corresponding Iosh of head 
so that the wheel can not transmit the power due the head. Such is not my- 
belief, for there seems to be no {^ood reas in for ignoring the momentum eainca 
by such velocity, that is within reasonable limits. The woolen mill of Beebe, 
Webber & Co., of Holyoke, is located below the second leveL Head varies fi-om 
eleven to twelve feet. Originally the use of only five sets of machinery waa 
contemplated. The water is brought to the mill through a round wooden trunk 
75 feet in length, with an inside diameter of 67 inches. The wheel pit is circular,. 
14 feet in diameter, and 2^ feet in depth. A. five foot Tyler Scroll whec 1 had 
been nsed fourteen years, but was unable to transmit sufficient power to drive 
the eight sets of machinerv now in the mill, and it was found to be necessary to 
obtain more power, but the small size of trunk and shallowness of pit caused 
wheel builders to hesitate, through fear that the loss from head would more thun 
equal any gain that could be obtained through increase in size of wheel. I rec- 
ommended the use of a 60-inch turbine, and the builders, Messrs. Fales, Jenks St 
Sons were induced to guarantee eighty-fire hirse-power under the existing con- 
ditions. The wheel was set and my brake applied. Before the gate was opened 
the difference between the l<yrl of the two canals was found to be llfeit, 8 
inches. For that hoad I calculated that 4000 pounds should balance the fwrcc of 
the discharge with the gate op'U and the wheel h'ld stationary by the bridEe, 
and on opening the gate that weight which had b;>en put on the beam was found 
to exactly balance, though the brad on the wheel was 1<-8S than ten feet. Under 
ordinary conditions th • wheel used will carry at its host speed exactly half what 
it will balance when held stationary by the brake ; but th'> velocity of the water 
seemed to change its character somewhat, for it gave its highest result, 88.d6 h. 
p., carrying 1000 pounds at 77 reyolntions per mitiuto ; its tabled speed was scv- 
enl revolutions less ; at that speed the head as shown by a glass tube inserted 
in penstock directly over the wnei 1 was found to bo 10>|( feet. 



Turbine Builders' Theories. 



It is an old theory in turbine building that turbines should carry about half what 
they can lift when held stationary; with gate op< ncd in f\ill, the Houston wheel 
almost invariably does so, and there are a few others that approach that rate» 
while there are many that do not. Many of th'* liisdon wheels run with three- 
fourths of what th^^y can lift. Som<f wheels will run with, say, nine hundred 
pounds, and only lift one thousand. A few days since a wheel was brourht to be 
tested; it was set and tried first while held by brake ; gate opened in fiul, it bal> 
anced 470 pounds, head 18.59 feet, discharging 928 cubic feet per m'nute. It was 
started with 300 pounds making 178 revolutions per minute, and dischaniioR 1241 
cubic feet of water; weight was gradually added, the speed decreasing with, 
each addition, while the dischargre increased. Dischargmg 1289 cubic feet, it 
made 124 revolutions per minute and carried 475 pounds. It was stoppi d b^ 
brake, then of course could not start until partially unloaded. It will be obvi- 
ous to all that the more surplus lifting power a turbine h:is the steadier it will 
Imn under sudden changes produced bv adding or thi owing off machinery; the 
wheel was a central discharge « Builders starting with such are behind th& 
age. 

A Proposition of Seemingr Equity that has no 

Merit. 



A common proposition, and to those unacquainted with the subject a seem- 
ingly ftir one, is tnat two tui bines shsU be connected together and their merits 
determined by ascertaining which shall drive the other. Such a test would be 
porf.-ctly wortliless. The pitch of the buckets of one miglit be such that it 
would under the head tried carry 100 poimds, and make 200 revolutions per min- 
ute, while those of the other might be such that it would carry 200 pounds and 
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make 100 nTolatfons per minate, both using the same qnantl^ of water durinji 
the trial. Of coarse the slovr wheel w.>uld drive the fast one, bat other things 
being equal the fiiat wheel would be the best. 

Backwater. 



Turbines of anj make are not perceptibly effected by backwater except 
through loss of head. I think a slight difference was foaud by a commission 
appointed by the French governmeDt to experiment with the Foumeyron 
wheels. I hare in two or three cases where long draft-tubes were used, thought 
the loss greater than should occur from the loss of head, but hare had no 
chance to determine the matter by actual test. 



Bubmergriner Turbines. 



Many builders insist that it is essential that a turbine should dlscham under 
water* but it is doubtAil for the same he id whether it makes any difterence if 
the wheel is properly mode, though it prevents trouble from ice and generally 
extra head is gained by submerging lovrer part of wheeL 



Draffc Tubes. 



If a draft-tube for any considerable proportion of the head is used, its lower end 
should be submerged to such depth as to render its immersion constant, other- 
wise when first starting up only the head above the wheel will be available until 
the discharge has exhausted the air from the tube, then when it does take hoM, 
unless the gate of the wheel works very quick the speed is wild for a short time. 
Where there is backwater some length of time, a short draft-tube renders it 
convenient to get at the wheel in case it is necessary to do so, but in most cases 
I should prefer to have the lower part of a turbine stand in the tail water. 



•• Hydraulic Motors." 



A turbine is no more a hydraulic motor than the harness of a horse is a horse 
motor. A turbine simply transmits the power of a motor or the power evolved 
from falling water. Consequently, the power it may give out depends upon its 
efficiency, capacity, and the nead under which it works ; the same wheel may be 

E laced where it may easily transmit a hundred h. p. or be overloaded in attempt- 
ig to transmit one. .^_______________ 

The Turbine. 



The question is often asked : Has anything in the water wheel way ever been 
found in use Ail effect equal to the turbine f fSrobablv meaning what in this coun- 
try is usuaUv called the ** Boyden wheel,'* though it was invented by M. Four- 
neyron, of France. The word turbine is d 'rived from the Latin, turbo, which, 
amoug other things, means a top or its whirling motion. An^ wheel working 
upon a vertical shaft is a turbine. Th<} B-^yd-in wheel was designed more than 
fihy years ago, and since then th^re have been great Improvements in all kinds 
of machinery. Like wh'*els of any other desiirn it varies ; one at whole gate 
might be good, the next very poor. It should never be used in connection with 
s e:mi ; it is so poor at part g»te that with half gate or less the steam would have 
to drag the wheel. 

" Overshot 'Wheels." 



Is there any tnrbine mide, that on a variable stream in efficiency can equal 
th<) overshot? Tes, plenty of ibem that will not only equal but far surpass the 
best overshot wheel ever constructed, at either whole or part gate, whether the 
supply of water is constant or variable. 
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Hierhest Possible Results Guaranteed. 



For Tears past turbine builders of a certain class have unhesitatingly promised 
what they well knew at the time their wheels could not do. The practice has 
been so general that even in court it has been offered and rather accepted as an 
excuse, that though the wheel only accomplished one-half what was promised, 
the guarantee was no more extravagant than (he average turbine builder would 
give, simply because there was no mean?) within the reach of ordinary builders 
xor determining such matters. The case is very different now and purchasers 
are less inclined to submit or juries to excuse, and builders will do well to tsike 
heed accordiugly. It has been my lot within two years to be employed as expert 
in four different cases iu which the same builder has been interested. 



f< 



Chippingr Buckets." 



Has been mentioned frequently in these reports ; the plan has been tried with 
many kinds, not always successfully ; it does not have much effect on the |Risdon 
wheel, the reversed curves of the buckets of that wheel seeming to an>wi r the 
same purpose. Cliipping away the ed^e of buckets reduces diameter of wheel 
above the bottom of chutes, so that its speed is usuall;^ inci eased thereby. 
(See Tyler's tests.) While increasing whole gate results it usually injures the 
wheel at part gate. It would seem that where the edges of the buckets extend 
close to end of chutes that they act like a fan or rotary pump and draw the water 
into the wheel. Chipping the ouckets away often reduces the discharge. Increas- 
ing ffate opening does not increase discharge beyond a certain Umit, though it 
may aave good effect by changing direction of water through the chutes. 



Tierht Gates, or Good Part Gates. 



Probably a hundred objections have been made to wheels with leaky gates 
where one has been made to those only reasonably efficient while working with 
gate opened in full, which caa never be the case if a governor is necessary. The 
most leaky, fly-trap gate in use can not waste more than four or five per cent., 
while the Boy den, Houston, Collins. Hunt, Gey (.line and mamr other wheels of 
the same nature waste from 25 to 50 per cent, daily, if run £rom one>third to 
three*fourths gate as wheels are often used. 



Variation of Turbines. 



One of the mo^^t difficult matters in relation to turbines, is to make purchasers 
realize the fact that wheels made from the same patterns vary exceedingly in 
useful effect; yet it has been well understood for twenty years past that a tur- 
bine doing well in a null affords no guarantee that another of the s ime make 
will irive equal satisfiEkCtion in another mill; hence the uncertainty that has pre- 
vailed for years past. My report of tests will show this to be the case with 
wheels of ul makes. But a few special cases are given here : The Tylci wheel 
first; a 30-inch flume wheel tested April 20, 187C. 



Remarks. 


No. of Test. 


Head. 


W'ht. 


Rev. 


H.P. 


Weir. 


Cubic 
feet. 


Per 

Cent. 


Leakage, 70.77 
Cubic feet. 


April 20, 1876. 
Whole Gate. 


18.43 


376 


168.5 


28.72 


765 


1245.64 


.6618 



The buckets were cut back to first white line shown on diagram of wheel, (see 
next page) , then it was tested again. 

^CubS%et.^^' Aoril21 18.65 875 I 202 



34 48 



758 



1226.55 



.7970 



The buckets were then chipped back to the second line ; the ^ate, an inside reg- 
ister, had six openings 2^ zl2 inches; these openings were mcreased to three 
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inches in width, to twelve inches in height; 
time, April 22. 



then the wheel was tested a third 



Whole Gate. 
Leakage, 67.83 cubic feet. 
Iiength of Weir 10 feet. Temp, 
of water, 45 Fah. Weight of 
water per cubic foot, 62.378. 
Circninference of Circle 15 ft., 
application of two pounds at 
the periphery rotated wheel. 

Part Gate 



18.50 


640 


000 


000 


.786 


1302.57 


18.50 


875 


219 


37.32 


.742 


1190.25 


18.50 


885 


215.8 


37.67 


.738 


1180.19 


18.48 


895 


209 


37.52 


.745 


1197 81 


18.49 


400 


205 


37.27 


.745 


1197.81 


18.50 


890 


211 


37.40 


.743 


1192.77 


18.50 


380 


215 


37.13 


.740 


1185.22 


18.50 


370 


220 


37.00 


.738 


1180.19 



.0000 
.8966 
1.9127 
8966 
.8904 

•ovOv 

.8958 
.8966 




u 
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«« 
II 
II 



II 
l< 
l< 
II 
II 
<l 



18.60 


325 


215 


3176 


.680 


1037.38 


18.62 


300 


209 


28.50 


.650 


965.60 


18.67 


275 


212 5 


26.56 


.628 


914.01 


18 76 


220 


213.5 


21.35 


.562 


764 49 


18.85 


160 


215 


15.63 


.486 


602.53 


58.93 


105 


213.5 


1018 


.417 


465.71 


19 01 


60 


197 


5.37 


.345 


834.25 



.8709 
.8386 
.8234 
.7880 
.7280 
.6109 
.4471 



The tests of the 22(1 were too regular to ahow (»f doubt as to their accuracy; 
they were not made in haste; the wheel was stopped after the third test, result 
worked out and the matter ('on>idered. 

The wheel was returned to shop and reflnished; the edges of the buckets beinff 
«moothed up, hol< s were di-illea in the heavy side of wheel and plugged with 
wood to balance it, then it was sent to Centennial, afterwards returned to me for 
re-test. The m foment its gate was opened after it was set for test, it was evident 
it had beeu changed; it was so sensitive that it was almost impossible to control 
it with the brake. It could not be made to work e isy, though tried in various 
ways. The duta and results below are the best obtained : 



Head. 


Weight. 


Revolu- 
tions. 


Horse 
Power. 

87.67 


Weir. 


Dis. 
charge. 


Per 
Cent. 


18.38 


875 


221 


.794 


1318.42 


.8242 



The leakage into pit from flume was 72.73 cubic feet i>er minute ; adding ten 
P'>ttnds to the weight \o make up for the difference required to rotate the wheel, 
would have increa>ed the power to 88.67, and pcrci'Utage to 84.62. After the 
■ trial the step was found to be cmted over; the wheel was taken to machine 
shop and changed thri-e times after the first trial, making four trials in all, vary, 
ing but slightly from the first test. The last time it was taken to the shop the 
lower rim was reduced by a chip 1-32 of an inch all around it, causing an 
increased discharge. The data and results of best t sis of the trial, before and 
after reducing rim, are given below to show the accuracy of weir measurements 
«oinpared with theoretical discharge due tbe iiicreasid area of opening. Besults 
of test before the rim was turned off, then after it was reduced : 





Head. 


Weight. 


Bev. 


Horse 
Power. 


Dis. 
charge. 


Per ■ 
Cent. 


Before 

After 


18.40 
18.39 


375 
385 


218 
214.4 


87.16 
37.52 


1328.45 
1353.80 


.8061 
.8010 



Actual increase as per weir measurement, 25.36 cubic feet 

Theoretical discharge due the iiicrease«l openinsf, 25.31 cubic feet 

Test of ft 43.inch Risdon wheel, April 28, 1874. Same brake used as for testing 
the Tyler. Correction for leakage into pit 77.74 cubic fret. Weight of water 
per cubic foot, 62.38. Length of weir, 10 feet. Temperature of water, 40 Fah. 

Per 
Cent. 



Whole Gate, 

II M 



II 
II 
•I 
II 
•I 
41 
<l 
<l 



II 
II 
II 
II 
II 
II 
II 
II 



Head. 


Weight. 


Eev. 


Horse 
Power. 


Weir. 


Cubic 
feet. 


17.91 


1200 


151 


82.36 


1.256 


2664.03 


17 98 


1200 


148 


80.72 


1.260 


2676.91 


17.92 


1200 


148.8 


80.89 


1.261 


2680.14 


17.90 


1250 


144.5 


82.10 


1.264 


2689.82 


17.98 


1150 


146.5 


76.58 


1.195 


2469.92 


18 00 


1200 


137.5 


75.00 


1.203 


2495.13 


18.17 


1000 


147 


66.82 


1.127 


2258.84 


18.29 


850 


150 


57.95 


1.045 


2012.02 


18.30 


700 


138.6 


41.10 


.932 


1686.47 


18.43 


650 


148 


43 72 


.932 


1686.47 



.9182 
.8877 
.8910 
.9021 
.9121 
.8834 
.8613 
.8381 
.7669 
•7489 
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The report of the foregoing test caused Otto Troost of Winona, Minn., to order 
one like it. The order was to get one as good, let the cost be what it would. 
Mr. Biddon built oue from the same patterns and sent it to me to be tested. 
Eight pounds rotated the wh el. The results arc given below : 



Whole Gate, July 8, 


17.83 


1200 


142.5 


77.73 


1.290 


2795.31 


.8264 




17.82 


1220 


138.5 


76.80 


1.291 


2798.25 


.8159 




17.82 


1240 


136 


76.65 


1.290 


2795.31 


.8153 


Leakage 56.57 cu.ft. 
Wgt.of water 62.285 


17.80 


1180 


143.5 


76 95 


1.286 


2782.27 


.8157 


17.79 


1160 


145 5 


76.72 


1.284 


2775.77 


.8231 




17.79 


1140 


147.5 


76.43 


1.282 


2769.27 


.8220 


Part Gate, 


17.84 


1100 


142.5 


71.25 


1.230 


260193 


.8136 




17.84 


1125 


139.7 


71.50 


1.232 


2608.31 


.8140 




17.92 


940 


148 


63.23 


1.160 


2381.74 


.7886 




17.92 


960 


146.5 


63.92 


1.162 


2387.94 


.7915 




17.92 


980 


143.5 


63.95 


1.164 


2394.16 


.7997 




17.91 


1000 


142 


64.54 


1.166 


2400.38 


.7954 



Taken to machine shop, then re-tested July 9th ; required 11 pounds to rotate 
wheel. 



1 18.00 1 1 141.5 1 77.18 | 1.289 | 2782.45 | 


.8168 


Again taken to shop, then re-tested July 13. 


i 17.97 1 i 146 1 76.32 | 1.286 | 2772.60 | 


.8119 


Taken to machine shop a third time, re-tested July 16. 


1 17.97 ; 1 152.5 1 76.24 | 1.284 | 2766.19 | 


.8131 



I will here explain about slight changes mentioned in report of Bisdon's tests. 
First, a 25-lnch lUsdoa wheel was tested. Juoe 16, 1874; it gaye 75 per cent use- 
ful effect. Mr. Kisdon bad it taken to shop and the rim of wheel reduced the 
lightest chip possible ; the wheel was re-tested the next day and gave .8704 per 
cent. A second 25-inch was tested July 20. 



Head. 


Weifsht. 


Bey. per M. Horse Power Cubic feet. 


Per Cent. 


18 41 


320 


232 22.49 845.93. 


.7655 



The wheel was taken to the shop and the bridge tree lowered one and a half 

inches ; then re-testi-d July 21. 



Head. 


Weight. 


Key. per M. Horse Power | Cubic feet. 
256 24.82 1 823.06 


Per Cent. 


18.61 


320 


.8593 


A 54-inch Bisdon was tested, July 12, 1876. 


Head. 


Weight. 


Bey. per M. . Horse Power Cubic feet. 
107 i 123.21 5047.72 


Per Cent. 


17.06 


1900 


.7586 



When the wheel was put together the chutes projected too far inward, and the 
inner ends were cut off leayiuff them square across, and about half an inch in 
thickness ; after the test the wheel was taken out and the back side of the inner 
end of chutes were chipped away, leaving the ends a "quarter round;" this 
added ten square inches to the openings ; the wheel was re-tcsied Aug. 1. 



Head. 


1 Weight. 
i 1400 


1 Bev. p' r M. i Horse Power 


iubicfeet. 


Per Cent. 


8.66 


1 78.5 1 49.95 


3742.54 


.8177 



Similar variations will be found In testing an^ make of wheels. When the 
system of testing commenced some ten years since, there whs hardly a wheel 
tried that was in a condition to run until various alterations had been miade ; tlie 
step was out of place, or the followers were made of 8cason3d Wwod and would 
swell and bind tne wheel as soon as wet. Few balanced their wheels, and it 
really needed a machine shop to put wheels in order before they c^old be tested ; 
davs, sometimes weeks were required to test a wheel. Builders do better now, 
BtiU many wheels are yet sent to me th it are in no condition to be tried in a 
testing flfnme or mill. The test of an Eclipse wheel is given on next page to 
show the effect of tight followers and swollen step; these were loosened before 
second trial: 



STILWELL & BIERCE MANUFACTURING CO.. 
Dayton, Ohio. 

This MTtlflM Omt % Wster Wbsel 26 Inchu In ditmelar, in»de of cut Inn, 
knovn u th« EctlpH Donblc Turblna, »M Mnt to the Lowell Tetting Ftuma 
by tba Stilmll A Blirca Muia&ctarlni Co., of Dsjton, Ohio, to be teated. 
Tb« BgnrM ahowlng the auut nanlts obMlDed b; me, maj b« Iband beknr. 
Daring the teat the aula beam wu attached to tbe bnke at a point wblcb, IT 
tevolTlng. would daacrlbe a circle twenCj tmt In clrcamlbraiuie, conKquentiji 
the rsToluUons of the vbeel moat be mnlUplled bj twetitjr to obtain the coiw 
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"Water "WTieel BoyeJties. 



TTpon what eyBtem of reMoning does the turbine patentee didm roralty npon 
plans of no certain valae ? To render a patent yalid the inventor must have puma 
so well defined that he can describe them so that those skilled in the art maj 
readily build from such plans or description thereof; if he can not do so, what 
right has he in the invention? There nas been too much sympathy for the 
** poor inventor " and not enough generally for those who fioa means to carry 
ont such inveutions ; an arrangement generally that the inventor shall find ezi>e- 
ricnoe or plans, the capitalist money for the inventor to live npon and experiment 
with. For months, perhaps years,- the inventor slashes away with little consid- 
eration for anything but his own fancies, and if a true inventor, enjoying much 
in witnessing the development of his ideas; while the capitalist too often 
finds chat he has changed positions, that in fact he has the experience, while his 
money has turned to moonshine, or something as unsubstantial. Capitalists do 
not invest in 70 per tent, turbines, and there are no good reasons for expecting 
royalties for such. 



Numerous Sizes of Turbines. 



In looking over the piles of circulars issued by the hosts of turbine builders 
U one is surprised at the numerous sizes tabled by each; and when it is understood 

that these tables represent bo;h right and left hand wheels, the question arises 
as to how any man could ever expect to do a profitable business where so many 
expensive patterns are required, unless such wheels can be sold at an immense 
profit. A list so numerous acknowledges the fact, that such wheels can only be 
used, economically when exactly adapted to a fixed quantitj^ of water; in short, 
that they are extravagant in its use unless working with gates completely 
opened; this has been the case since the first introdnction of the turbine, and in 
some cases may now be done more through habit than necessity; but if neces- 
sary, then it is plain that such wheels can not economize the power of our 
variable streams ; either there must be a waste of one-half of the power during 
df ht or nine months of the year, or a total stoppage through the dry season. 
Then, again, what earthly use is there for " right and left hand " wheels of the 
same size ? By turning the teeth of the crown gear up or down, the shafting is 
rotated in the direction desired. With thirtv-two sizes of turbines to work up 
to a desirable percentage, farewell hope I ManuCscturers and turbine builders 
must consider and work together, if wheels of high useful effect are invariably 
to be expected. Numerous sizes add much to cost and the purchaser has to pay 
for it. If left hand wheels were impossible they would soon be found unneces- 
sary, for preparations can easily be made to meet the case. Seven or eight sizes 
only, would allow the builder to work them up rirht. and the purchaser would 
soon be able to procure a turbine that would uulize tht whole power of his 
stream, eiiher summer or winter. 



Hard Bunninfir Wheels. 



For several years after the testing s^em began there was hardly a builder 
who took any particular pidns to have his wheels run easy. ** Oh it will go, only 
put the water to it," would be the reply when the subject was mentioned. I can 
recall several that would have gained very different results had their wheels 
been in proper condition, but the matter was not so well understood then as now. 
Sven now it requires constant attention to avoid errors in that way. for it is very 
common for wheels to turn perfectlv free at the start, then after running a few 
minutes become bound tbnravh swelling of step or followers, so as to lose a num- 
ber of revolutions per minute, earryinir the same weicht as at first starting; 
Ri8d«m's highest result 91.82 and Tyler's 91.27 were supposed to be erroneous, 
becaose neiuier covld be repeated, bat tcom the cause named above thej could 
not be rciJeeted. 
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Test of Wheel to Determine Loss of Power 
Transmission Throufirh Ghears. 



m 



In maUngf the experiments to determioe the loes of power In tnuismlMion 
throagh gean, mitre gears twentr-seyen iuches in diameter, fire inch tact, fifty- 
•eyen teeth, were osed on wheel and **jack-Bhaft,'' the last being six feet in 
length, and three inches in diameter; a ppur gear twenty-four inches in diameter, 
foar and oue half inch face, forty-four teeth, was secured upon the *' jack-shaft,' 
wliich worked into another gear of the same size upon a second horizontal 
•hs^, same size and length as ihe first; the second representing the main line of 
shafting through a mlU, both horizontal shafts worked in common babbitted 
bearings. The dynamometer was placed upon the end of shaft representing the 
main hne, and the wheel tested through the two pairs of gears ; then upon the 
wheel shaft. 



Dynamomi-ter on 
norizontal shaft, 
Dyuamometer on 
Wheel shaft, 



Tests. 



Ist test, 
2d " 



Head. 



Reyolutions. 



16.03 feet, 
16.08 *« 



160 per minute 
168 «• 



Horse 
Power. 



26.56 
26.78 



Percent- 
age. 



75.90 
77.40 



Important Tests to those Qearingr Wlieels where 

the Head Varies. 



The best speed for each head is first giyen : 20-inch wheel. 



Head. 


Weight. 


Reyolutions 
per minute. 


Horse Power. 


Cubic feet. 


Percent- 
age. 


18.44 
785 

18.35 
7.99 


500 

200 

640 

75 


249 
164 
161 
246 


89.92 
9.94 

3122 
5.50 


1400.31 
869.84 

1418.94 
757.93 


.7758 
.7724 
.6663 
.4911 



48-inch wheel. 



♦17.65 


1100 


121 


80.66 


3586.83 


.6733 


9.79 


600 


90.5 


82.90 


2540.80 


.7018 


17.47 


1525 


90 


83.18 


3618 81 


.6982 


10.00 


200 


120.5 


14.60 


2199.34 


.2522 



*121 reyolutions per minute was found to be the best speed fur wh^le and part 
gate. 

Turbine Buckets. 



Ten years since turbine builders added much to the cost of their wheels by 
makin«r the buckets of sheet iron, steel, brass, or bronze; shaped in iron moulds. 
The best turbines v«'t produced have been made entirely of cast iron. Wrought 
iron is decidedly the poorest material that can be used for that purpose. 



A Word to Aspirants for Fame as Turbine 

Builders. 



The inceniire to turbine building is probably its supposed profit. A wood- 
sawyer, so little of a mechanic as to be unable to file his own saw, unhesitatingly 
rushes into the business, yet it is one requiring the highest poasible skill; expe- 
rieooe soon causes the adventurer to rein^t his haste. A ttricUy honorabCe 
turbine buHnest under exieUng circumetancee, can not be made to pay ; that is, to 
sell eyer\' wheel by test on its real merits would leave half the number made on 
the buUaers' lumds, for purchasers require the highest results at the lowest 
prices, and there are scores of builders ready to guarantee such so far at talk 
is concerned. 
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Testiner Flume and Turbine Testiner. 



The teBtinfir B/Btem, or prstctice of testing turbines before purchase to deter, 
mine their Talue, has become so general that there is no turbine builder of anr 
reputation, who has not found it necessary to submit his wheels to such trial, 
in order to enable him to sell them; this being the case it is proper that the 
method bv which such tests are determined should be made familiar to all inter- 
ested. Ten years since the testing of a turbine was a serious matter, and could 
only be accomplished at a firreat outlay of time and money, the expecse extend- 
ing^ into the thousands ; while the apparatus used was so crude, and the compli- 
cations were so numerous, that the matter was understood by but few, and was 
belicTed in b^ less ; thousands and tens of thousands of dollars have since been 
expended in simplifying the process of computation of results obtained, the manner 
of obtaining them, and in ridding the system of rubbish of no earthly use. In the 
first place it should be thoroughly understood, that weighing the power of a 
wheel, or in other words what it will pull while running at a certain speed, is 
precisely the same in principle as to weigh what a horse or man can pull while 
traveling at a fixed speed, or as in weighin^^ groceries ; consequently an accurate 
Bcaie beam with knife edges and sealed weiehts are required as much in the one 
case as the other ; the pounds named ia testmg a wheel mean precisely the same 
as in weiirhing hay or sugar; and if a proper weighing and controlling instru- 
ment is used, the wheel will be kept at the same speed so long as a giyen weight 
is carried : consequently the gAnges remain constant with the same weight on 
scale, and with the same head of water, so that six different persons taking the 
gauges add exactly six times to the chances for errors in testing a wheel, and as 
much more to the co^'t. Testing with proper apparatus and conyeniences is a 
yery Pimple matter, but it requires experience to make such test reliable; and 
though an engineer may haye the formula committed to memory, he will need 
considerable experience practically before he will be able to make tests that can 
be depended upon. 

Wbib Mbasubbmbnts. 

Within the past few years much has been ^a'd and written for and against the 
reliability of measurements of water flowing over weirs ; this has arisen through 
the great diyersity of results obtained by different persons, who have used the 
same formula for computation of data. Ihirbines of almost ever^ make, tested by 
their builders, have seemingly given high useful effect; while in actual use few 
of them have proved economical in the use of water. This has had a tendency to 
discredit weir mcHSurements, but unjustl^r so, as may readily be explained, for 
the matter is one of great simplicity, notwithstanding the complications thrown 
around it by tho-^e who have supposed a long array of decimals denote profun- 
dity and accuracy. Any weir under exactly the same conditions will repeat 
results invariably; but a formula based upon certain conditions, will not give 
correct results if those conditions are changed. All brooks and rivers yanr 
much in width and depth, yet the same water flows through the narrow as well 
as the wide places, the velocity, of course, varying with the cross section of the 
stream. The velocity, however, does not cease immediately upon entering a 
wider or deeper part, but continues until the momentum is lost, and the general 
level attained ; this of itself would prove the necessity of placing a wclr at a 
considerable distance from the discharge of a higher nead. The Francis for- 
mula is has d upon the natural flow of tne water, which for a depth of one foot 
over a weir is about three feet four inches per second ; and it must be evident 
that such formula is entirely inapplicable where the velocity is four or five feet 
per second, as it may be if the weir is placed close to the discbarge of a poor 
turbine, where the water leaves the wheel with half the velocity due the head; 
or where a cross section of pit or stream approaching the weir is but little 
greater than the capacity of the weir itself. It is plain that under such condi- 
tions the velocity will vary according to the useful effect of the wheel, and 
equally plain that no reliable correction for velocity can be applied. Had this been 
considered, much trouble and expense might have been saved the past twenty- 
five years; for it is not likely any builder would have knowingly continued the 
manufacture of forty per cent, turbines. . The cross section of a pit or stream, up 
stream from a weir, should be at least five times the cross scciion of the stream 
flowing oyer it; and for a discharge of two thousand cubic feet per minute, the 
weir should be fifty feet from the discharge of the turbine, or opening into pit. 
Backs should never be used, as they obstruct and raise the water so that it 
passes through with renewed yelocity. If there is a horizontal discharge 
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towards the weir, check the carrent bj zigzag breakwaters. For measniing the 
flow of a rirer the weir or dam cannot be too large, but it may be for measuring 
the discharge firom a mill where a goreraor is used, as the yarjing discharge, 
caused by sdding or throwing off machinery, may prerent aocoracy if too much 
time is required for the water to find its proper levcL 

THS lAXB ▼HSBLS TIITBD IH PITfl OF DirUBBHT OAPACITT. 

July 24 and 26, two wheels were tested at Holyoke JIume ; these had i)reTiously 
been tested in another flume, the measuring pit of which was about nine feet in 
width, two feet in depth below crest of weir, while the weir itself was twenty 
feet from the wheel. The following results were obtained : 

Largest Wheel : Stilwell & Bierce Flume. 
Head, 7.64 feet Discharged, 1178.00 cubic feet. Percentage, .8785 

Holyoke Flume, largest wheel : 
Head, 1840 Discharged 2233.55 cubic feet. Percentage, .7520 

Reset and again tested: 
Head, 18.07 Discharged 2214.66 cubic feet. Percentage, .7533 

Theoretical discharge for head of 18.40 feet, based upon the Stilwell & Bieree 
test should be 1828.7 cubic feet. 

Soudlest Wheel : Stilwell & Bierce Flume. 
Head, 7.82 feet Discharged 761 cubic feet. Percentage, .8604 

Holyoke Flume : 
Head, 18.33 Discharged 1387.27 cubic feet. Percentage, .7777 

Taken our, overhauled, then re-tested : 
Head, 18.44 Discharged 1400.31 cubic feet. Percentage, .7758 

The head was then reduced, and it was again tested : 
Head, 7.85 Discharged 860,34 cubic feet. Percentage, .7724 

mieoretical discharge, based upon Stilwell & Bierce test, for 18.44 feet head, 
should be 1168.5 cubic feet. 

These tests show how little reliance can be placed in measurements made in a 
pit of insufficient capacity, yet how accurately a proper pit and weir will repeat; 
at the same time they explain how the high results reported so often by inter- 
ested parties are obtained. 

Illustrations and description of testing flume and apparatus of the present 
time are herewith given: Fig. 1, represents the dynamometer, or weighing 
instrument; Fig. 2, an elevation of a testing flume ; Fig- 3, a plan view of the 
same ; Fig. 4, the hook ganse. Through an opening in the side of fore-bay Fig. 
1, maybe seen a turbine wheel with its shaft extending upwards, on the upper 
«nd of which, above fore-bav, is secured the instrument for weighing the power 
transmitted from the water aischarged. To ascertain the useM enect it is nec- 
essary to know the head under which the wheel works, also the quantity of 
water discuarged by it in a given time. The bead is the difference in height 
between the surface level of water in pit and fore-bay ufhfti the wheel U running ^ 
at which time there is generally too much disturbance in the water to allow of 
accuracy bv direct measurement, thus necessitatinif the use of the ta- ks A and 
B; the tank A is connected with water in fore-bay by a short piece of three« 
fourths inch steam or gas pipe, through which the water flows too slowly ta 
cause ebullition, but fast enough to keep the surfkce in tank equal in height with 
that in fore-bay; from the bottom of the tank a rubber pipe extends to the bot- 
•ofiL r/ 9 jl'^c'* tube, placed beside the measuring pole at the right. The tank B 
•s connected with the water in pit by a rubber or flexible pipe, that the tank may 
be raised or lowered, in order to keep the top of the tank nearly even with the 
surface of tail water in the pit; with this arrangement the pomt of the hook, 
which may be seen at the lower end of the measuring pole, will be perceptible 
the instant it breaks the surface of the water in the tank. This hook and tho 
pole i^ raised or lr>wered by a hand nut sh »wn above the tank. The pole is grad- 
uated in tenths and hundredths of feet from the point of the hook to the top of the 
pole, so that after the point of the hook is ac^nsted to the surface of the water in 
the tank, the exact head may be found opposite the surface in the glass tube or 
tank A. The tank C, which is also connected with the water in the pit by a flex- 
ible pipe, slides up or down on two parallel rods, and is kept at any height by a 
counterpoise ; above this the hook gauge is firmly fixed to a timber in such a 
position that the point of the hook will arop in a perpendicular line through the 
center of the tank, and it will save making corrections for each measurement by 
placing the point of the hook exactly level with the crest of the weir when the 
•cale of the gauge is standing at zero* 



BmerBon's Improved Brake. 

MannffictUMd by t^t faUt dt J<iilu Xaehint Co., AnMitoM, B. I. 
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The proper dimensions for % testing flume are, of course, determined bj the 
size of the wheels to be tested. The fore-bay, in diameter, should at least be 
twice that of an/ wheel placed in it, while the width of the pit should equal one 
•md a half times the length of the weir; below the crest of which the depth 
should equal four times the depth of the stream likely to flow over it. The weir 
should stand at least twemy feet from the wheel, and at an exact right angle 
with the flow of the water. 

The dynamometer, or instrument used to determine the power transmitted, is 
^mply an improved *' prony brake." The wheel B is secured lo the shaft of the 
water-wheel, and its speed is controlled by the friction-band A, which is cou- 
necled to the scale-beam as shown, the point of connection describing a circle of 
a given number of feet. The rim of the wheel and the friction-band are hollow, 
and are kept cool by streams of cold water passiujc through them; the water in 
the rim of the wheel beingsupplied through its hollow arms and tho pipe, 
shown in the en^praving. The wheel B, is made of cast iron, the friction- 
band of ** composition'* or "gun metal " The hands of the ** counter" are so 
arranged iii connection with a worm gear, that they can be made to rotate in the 
same direction the hands of a dock move, whichever way the wheel being tested 
may revolve. 

The hand wheel for operating the firicdon-band through the screw H, has a 
'* universal joint " in its snaft, wnich is arranged with a slide to prevent finuid 
while testing. The connection of the band with the scale-beam is made by 
knife-fdged links, and the pivot of the beam is also knife-edged. The weights 
are suspended at one end of the beam as shown at C; at the other end is the 
'* dash-pot " D, (it is better to have ** dash-pot " at the same end as the weights,) 
filled with water to hold the beam steady. The pot is made of cast iron, bored 
out perfectly true. The plunder on the end of the rod is a thin disk of iron 
turned to fit the pot 1 losely, so as to allow it to move perfectly free ; it has six 
three-eufhths inch holes through it, stopped with brass thumb screws ; one or 
more ofthese may be removed at any time to render the beam more sensitive, 
but the screws must be left lying on the plun^r, that the wei;i:ht may not be 
changed. To prepare the instrument for testmj?, the ** dash-pot" should be 
filled with wa'er, the screws removed from the holes in the plunger, but left 
upon it, the beam leveled with the indicator standing at zero, as shown at B : 
then place a small weight in the scale-pan. and observe the number of seconds 
required for the weighted end to settle one-half inch; then change the weight 
to th i other end of the beam, the same distance fiom the fulcrum, and change 
the balance weight until the beam is balanced ; then return the screws to the 
holes in the plunger, and connect the beam to the friction-band by the links for 
that purpose. 

When testing, I find that the simplest and surest method of obtaining the 
eorrect number of revolutions of the wheel, is to hold the hand:* of the counter 
at zero until the ** timer " is ready; then to run several minutes, and divide the 
number run to obtain the revolutions per minute. 

The most perfect measurement with the hook gauge can be obtained by keep* 
ing the top of the tank C, nearly level with the surface of the water in it, then by 
lookin<]; across it the point of the hook may be seen the moment it breaks the 
surfitce. 

In testing a wheel I begin with a light weight, say for a 30-inch wheel under 
fifteen feet nead, start with 100 pounds, run two minutes — the man at the wheel 
keeping the beam level— then change to 125 pounds and repeat. Continue to 
change 25 pounds every two minutes until the speed of the wheel is reduced 
below its D3St point, which is reached, we will sav, when it is carrying 250 
P innds ; then reduce the weight to 235 pounds, ana change ten pounds eveij 
two minutes until the best pomt is again passed, which is found, say, when it is 
carrying 255 pounds; reduce the weight to again, say, 242^ pounds and change 
the weight five pounds at a time every five minutes. Sometimes, when not in a 
hurry, I commence with 100 pounds and run to 700, or even 800; then a^ain, I 
might start on the same wheel (if I knew about the proper weight for it) say 
witn 000 pounds, anl not chansre more thnn 100 during tne whole test. Some 
parties desire to have their wheels tested with as short a ranse of weights 
as can be used nnd the wheel's best speed be found, for the purpose of 
showing even results through the whole test; but to the initiated, such results 
would appear no better than where greater changes were recorded if the weights 
varied with the spe d. Of course, the more the speed of a wheel can be varied 
without affecting its percentaire the better, bat that is only determined by using 
a long range of weights while testing it. 
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The power tnntmitted by the wheel it determined m follows : Snppoee the 
soale beam is attached to the Ikiction brake ai a point, which, if reroiring, 
would describe a circle of 20 feet, aod the wheel mnninir one hundred reT<^a« 
tions per minute, holds the beam at aero when loaded with 600 lbs., 20 X lOOis 
aooo X600=i0000j-i-33000 giyes 30.80 horse-power; Uivide the transmitted power, 
by the power of the water used, to asceitain the lueful effect of the wheel. 

An example is here given of finding the vseftil effect, after testing a turbine, 
as followed in 1869; and when it is understood that a hundred different weig^u 
might be tried in testing a wheel, and that during the trial some six or seven dif- 
ferent observers were taking notes ever^^ tliirtv seconds, and tbat all of these 
observations had to be made to agree it will readilj be seen that there were wide 
openings for errors. 

TcsT IT^Ttlib Whkkl, September 21 and 28, 1871. 

U9.2 Bev. per m. 

20 Circumference of circle 



2984.0 
900 Lbs. 



33000)895200 Foot lbs.) 27.13 H. P. of wheel. 
66000 

286200 
231000 



42000 
83000 

90000 

Q. per sec.=S.33 (1-0. In H) H^ 

1.0615 Height of water on weir. 
— .0145 Correction for weir level. 



1.0470 

.2 Number of end contractions X 0.1. 



.20940 
6.00000 Length of weir. 

6.79060=0.7627236 
3,33=^.5224442 . 
1.047=0.0199467 ) „f 
0.0099733 ( "■ 
60=1.7781513 



1239.48=3.0932391=0. per min. 
15.695=1.1957613=FaU. 
62.336=1.7947389= Weight of cubic foot 

33000 ( a c )=5.4814861=Horse Power. 

86.75=1. 5652254=H. P. of water. 
27 13=1.4334498=H. P. of wheel. 



.7883=1.8682244=Ratio, or, percentasre. 
The formula for correcting the depth for the velocity of the water approach- 
ing the weir is 



H'=r (H+/t)*-/tn 



in which the factor 



V* 
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T being the relocitj foand by diriding the Q per lecoad by the tection of the 
•tream approachiiig the weir. Aw the flame approaching the weir was 14 feet 
wide, aaa the bottom of it was 3^ feet below the crext of the weir, it follows that 
the area of a section of the stream, when there was 1.047 feet of water flowing 
OTcr, is 14 (8.6-4-1.047)=63.6&8 square leet. 

Q per 8ec=20. 058=1 .3150683 
8ectiott=g3.058= 1.8088580 

f.511285S=^ 
2^ 

1.0224706=ir' 
2.1010290= 2 g(ac) 

.0010=3.2141002=A 
2.0070501 

.000l=5.821150a=;ii 
Then HH-A=1.047-h001&=1.0486. 
1.0480=0.0206000 
0103040 

1.0738=0.0309148=(H4-A) i 

Then (H-hA)^—AJ=1.0738— .0001=1.0787 
1.0787=30.0306830 
0.0102043 

1.048ft=x0.0205887 

1.0488=H =corrected depth on the weir. 

SabstitntingH for H in the weir formnla first given abore, we find the oor* 
rected Q to be 1242.25 cnbie feet per minate. 

1.0486 

.20972 
6.00000 



6 70028=0.7026006 

3.3:1=0.5224443 

1.0486=0 0206000 

0103040 

60=1.7781513 



1242.20=3.0942009 
15.605=1.1057613 
62.336=1.7947380 

33000 (ac)= ^.4814861 

1.5661962 
27.13 =1.4834498 

Bado of nsefU efled .7366=1.8672536 

To work out the foregoing without the nse of logarithms, applying all of the 
eorreetions as was then done, wonld coyer many puges of this work. A hand- 
red liferent weights and speeds were likely to be tried in testing any wheel, 
each change reqairing the same tedious process, so that days, perhaps weeks, 
were required to ascertain the ralue of a wheel. It was customary with some 
engineers to work out a few tests, then to ** plot** the remainder on ** diam^m 
paper ;" but this was found to be unreliable in working out my weir tables, and of 
coarse, was equally so in working out tests. With reliable apparatus for testing 
a wheel, but lew corrections are necessary, and only three persons are required 
in making tests. One haying the whole in charge, and who tnkcs wei^t, revo- 
lutions 01 wheel, and the hcM and weir gauges, assisted by a "timer,^ and one 
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who controls the speed of the wheel. A testing flume is filled and emptied so 
often that it will leak more or less, and this leakage is into measuring pit, so that 
after a wheel is set ready to test, its gate is closea and sprinkled with sawdust to 
prevent leakage, that would affect results of triid; then the flume is tilled with 
water, and the leakage of the flume taken at the weir. Suppose the leneth of 
weir to be six f-et, and depth of Irakage to be .183 of a foot ; opposite to Uiis in 
weir table and column for 6 ft. weir will be found 03.28 cubic feet per minute, and 
this quantity is to be taken from every test made of that particular wheel, sup- 
posiu}? the water not to be drawn from the flume during the test; if it is, then 
the leakaee must be taken as before. To illustrate, a test as now taken is here 
given. The point of attachment of brake to scale beam is ten feet, and each rev- 
olution must oe multiplied by ten to iret correct speed. Look in weir table below 
for cubic feet discharged. Test of an 18.inch wetmore wheel, September 30, 
1876: 

Head. Weight. Bev. per min. Weir. 

No. 7. 18.80 162.5 805 .650 

Quantity as per table 624.62—03.28=521.34 cubic feet per minute. 

621.84X18.80X62.33 

=17.91 H. P. of water. 



83000 

305X10X162.5 



33000 --16-02 



15.02 

1^ gj=.8114 Batio of useftil eflTect. 



Formula for Tablinff Wheels. 



Q=quantity discharired per second at any head, h. 
V=veloci!y due head h. 

Q =quantity with any head 

V =velocitydue head 
B=:relative velocity. 
D=diameter of wheel. 

The Q having been determined for any given head, to find it for any 

other head Q'=QXV' 

V 
The horse power having been determined for any given head, to find it for any 

other head H. P. X V H 

vxu 

The revolutions having been found for any given head, to find them for any 

other head ^ X OOsnumber of revolutions per minute. 

DX 81*18 

B=relative velocity, determined bv experiment. 

Having tho outlet of one wliecl of a certain pattern measured and its power 
de'.ermined, the power of another of similar pattern is approximately obtained 
by comparing the outlet with the one experimented upon. 



Steam and Pressure Gaugres. 



Is it a matter of importance that such instruments should indicate correctlv, 
and if so, do those using them take pains to verify their accuracy? Becently 
while testing ttie turbines used at the water works of St. Joiinsbury, Vt., it came 
in my wav, also, to test the accuracy of tlie pressure gauges used there ; these 
were made by the Utica Steam Gauge Co , Utica, N. x. The trst was inade by 
getting the exact area of the waste valve, usinsr a knife^edsred pivoted beam 
resting on a knife-edged top of valve piston then with sealed weights the press- 
ure in pipe was accurately ascertainedi and to be 11 per cent, less than that 
shown by the pressure gauge. 



Water-Wheel Gorernors. 

[SCaOLFIELD'S.] 
JfiwHftrfurtii tg Bodmg Hunt Machint (h., Orangt, Ifau 




TbKtaaiitina^-ntKqatteA an eilenaitertpnUHon IniUpiHi ofihe Mun. 
vj, a* being ths most tiinple, dorabJe uid efficient of toy In u>e for rarrecllng 
npidly any dlatorbecl motion of machinery driven by wBler.power, us theirscdoD 

•peed at auch momenl ; hence the eitrcmea of TurintioD in speed ire corrected 
by this coTemor much more rapidly than by those who» actionB us conitaot 
■nd aidfiinn during the TarUtlon of rpred. 

They are huilt, uul kept constanlly on hand, of two sizes, being that adapted 
to wbeeh and gstes of ditlferent Bijc hihI power. 

For tVirther particulan, addresi the makerf , aa abore. 

Of the aboTe-mentloned KOvemor I hure no other knowledEe than that the 
Heaars. Qutit A Co. are practical busLoeaa men. The notice Is published for 
the pnrpoia ot caliinz attention to the fact that there is now a demand for a good 
KOTenuir, and compuinE that thoae once effective are now incapable of govern- 
Ing torhlncs, the moat popular with manufocturera. A reaaon for thia is eaiily 
found la ths fact that turbines arc now produced that (rive their highest usefiil 
effect at from Hre lo ■eTco.eigbta gale or discharge of water, and are nearly aa 
etfectiTs at half aa at whole gate, while the turbines of the paat, or of Ibe Boyden 
cbuacteriitlcs, were only eeooomleal In the uie of water when their gates were 
**ened in fulL CoikseqiKntlv, tb* gate of the mod "paitgaio" wheel ha* got 
to t>«maired a long diatance In order to reduce uie dlacnarge to a greater extent 
toao th« power, wbile with the Boyden, or wbMla of thai class, it is only necei- 
wy 10 mofe the galea anffldenlly to break the OTen aar&ce of the chutes, wheD 
U>e power dropa at once without any material decrease of discharge. Tbeae 
lactamnat be taken into eon^deration, if auoceu InKoreinlng thoturUna of t»- 
•iiJiitobB ' 
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Gearinff Turbines by Tables. 



The pnetioe of gearing torbincs from tables prepared b7 gaen, has been pro- 
dnetire of much loss of power. In testing whuels it is a rare thing to find two 
of the same size and make, that do their best at the same speed ; the best speed 
of the I«effel wheels is invariablT wi<le from their tablea rate. At Bridgton, 
Maine, Pondicherry mill, a 64-incn Leffel wheel has been in use for ten years, 
working under twelve feet head and running at ninety revolntions per mutate; 
the mill has six sets of woolen machinfrr, but from lack of power only fire sets 
hare been used. By test a short time since it was found that by mnuine the 
wheel at seyenty-eieht rerolntions instead of ninety, it would give twelve n. p. 
more than it ever had done ; so that for ten years it had been running at four* 
illths of its capacity, and at a time when its grnteat capacity was much needed. 



Testinff Ourbs, 



The fttct IS well established now that the chutes of a turbine have as much 
to do with giving high results as does the wheel itself; also, that each part of the 
complete turbine has relation to all of the other parts, so that a change of one 
piece may have a serious el&ct upon the whole. Builders have preparra several 
turbines with interchanseable paits in order to te»t tmderstandingly; but it 
would seem better to maj^e a testing curb with chanireable chutes, so constructed 
that their number or direction might readily be changed, and their capacity of 
discharge increased or diminished. With such a curb it shotdd be possible to 
determine the merits of auy wheel that could be tested therein. 



V Shaped Belts, Gable Transmission, etc. 

Some time since there was a mania for driving machinery with belts of the 
above named shape, but experience soon cured the desire. Transmission bv 
wire cable is another matter that should be well considered before adoption ; it 
will answer the purpose in places where shafting can not be used, but it is a very 
poor substitute at the best. Light shafting is still another subject for considera- 
tion; if used, the pulleys shoulabe placed close to the hangers, for if placed any 
distance therefrom, the shaftinir will spring, and require a much tighter belt, 
which soon gets the shaft out of line. There is a proper limit either way. 



The Metric System. 



And whv the metric instead of that so generally in use wherever the English 
langauge m spoken? Does the practice mechanic or eng^eer desire such 
change, or do the comparative few who use that system surpass us in mechan- 
ism or flreneral intelligence? Taking the foot as the unit, divide it into tenths, 
hundredths, etc., and the most perfect measurements possible may readily be 
made and expressed thereby. Then why change for new terms, when otir lan- 
gauge is now so unwieldly and overburdened with useless words and Hvnonyms, 
tnat it would be a blessing if one-half of its words could be obliteratea, ana the 
other half simplified in spelling. Simplicity should be the aim, that all may 
comprehend; change has not always been improvement. It would be well if 
the engineers and professors, who are so much better known throut^h their pre- 
tensions than achievements, could be made to understand that muddiness does 
not always denote depth. A change to the metric system would cause immense 
confnrton in our standards, boundaries and records, without bringing a shadow 
of benefit in return. Our language now is almost the uni9er9al langnage dreamed 
of. and It seems idiotic to change for that of a people occupying less of the 
eurUi's surfiKse than is covered by some of our states. 
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Professional Bxperts. 



If those acting m above could tee thcmselyes as those thoroughly aeqoainted 
with the sabject in hand see them, it would have a tendency to lower their preten. 
sions. Could the arts bo put back to what from our standpoint they seem to hare 
been 3,000 years ago, one of our best mechanics might prepare himself to act as 
generiJ expert without seemins presumptions, but to pretend to be able to do so 
now, when the mere word mechanic covers a thousand occupation'*, each having 
nomerous variations, renders the pretense ridiculous. Yet we have such, and 
those who have great influence in court, particularly in patent suits. The tur- 
bine has been studied for more than a half century by tne best mechanics, and 
the matter is not sufflciently understood to fairly allow of its being considered a 
science ; yet the professional expert will look the matter up in a day, then go 
into court and testify to points of which it is simply impossible that he can know 
anything about. No one man can be aa expert m all kinds < f business, life is 
too short. The most intelli>cent and skillAil teleeraph operator must be the best 
expert in a telegraphing case, so of the shoemaker, the blacksmith, the miller, 
merchant, turbine builder, or engineer. In either of these csllings an appren- 
ticeship of years is required to render a persn proficient; then is it reasonable 
to suppose that the professional ixpert can master any of them in a few hours' 
study? We would not go to a shoemaker to inquire about a turbine, or 
the turbine builder to learn about telegraphing. If the matter is simple 
and plain, an expert is unnecess try ; if difflcult to oe understood, then certainly 
one skilled in the matter is the b> st qualified to make it plain. In cases where 
litigation is contemplated an expert well versed in the matter should be employed 
first, then if he unaerstand<4 his business, in three cases out of four, he will cause 
the matter to be settled, often advantageously to both parties interested ; if he 
caa not cause it to ba settled, he can prepare it f«>r the lawyer, so that it may be 
legally determined expeditiously and at the least expense. To < inploy the law- 
yer first is like trying to learn a child to read without learning it the letters; that, 
however, would oe no more absurd than to suppose that any one man can be 
proficient in all kinds of business. 

Faith in expert testimony is undoubtedly decreasing, simply because those 
called as experts are generally mere theorists, or perhaps edit some 8o*called 
scientific paper that is published on speculation — the editor, like the paper upon 
which it is printed, being picked up where it can be had the cheapest. A graduate 
from our technical schools might readily study up horse-shoeing, and testify in 
such a learned manner as to astonish tne court with his profoundity, yet his 
shallowness would at once become apparent could the cross-examination De con- 
ducted by an ordinary blacksmith, as I have often wished I could do with 
hydraulic experts. Yet, in almost any case in litigation relative to milling mat- 
ters, the testimony of such men as A. M. Swain, George A. Houston, T. H. 
Risdon, Wm. M. Mills, and others that could be nameof, would be very valu- 
able ; but such men would require time to consider the matter before testifying. 
" Why, I thought you experts were so full of knowledge upon such matters 
that you were always ready to gush over," said an applicant for my services. 
Such may be the case with others ; it is not with myself. I want, invariably, 
to hear both sides of a case, and time to compare the circumstances with facts 
gained from my own experience, before acting for any one. 



Slip of Belt. 



The speed of machinery is computed from size of pulleys or gears in connec- 
tion with the driving shaft ; in such computations the slip of belt is seldom or 
never taken into consideration, yet that slip is an important item. In testiug 
the power of a steam-engine, the counter or' my dynamometer showed such % 
differeBce from the engineer's estimate, that the matter was thoroughly investi- 
gated. The driving pulley on the eu'jrine was 12 feet in diameter, that on the 
main line of sh^ftinir 6 feet; running light or simply driving shafting, the fly 
wheel makins 75 revolutions the main line made 150, but with weight applied to 
scale beam of brake, the belt began to slip, the slip increasing with each weight 
added; at the maximum power of engine, the midn line made 144 revolutiona 
while Uie fly wheel made 75. Belt and pulley« were in perfect condition. 
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Water Wheels. 



In treating of witter-power, meftns for Its ntilizfttion is an important feature to 
be consldored. As a motor, running or falling water was used back in the earli* 
est ages of which we have authentic history; and the rarions dences employed 
for transmitting its power were hardly more crude than many that nre patented 
for the same purpose at the present time. Volumes would be required to illus- 
trate and describe the multitudioous plans that hare been devised, but a rery few 
pages would suffice for describing the principles of all. Our country is lavishly 
supplied with this natural motive power; and as nuKbt be expected from a race 
so energetic, many devices have been produced for utilizing it advantageously. 
I have before me the copy of a patent granted to Beigamin l^ic^'f grandfather of 
John Tyler, of the well known ^ler wneel, which reads as follows : 

By the President, THO. JBFFEBSON. 
JAM£S MADISON, Secretary cf State. 

CUtf 0/ Wuhington— To wit : 

X DO HBKBBT CBBTIFT, that OMforagotnt L«ttOTiP«l«it, won dsUvarad to ae on th« tw»lftli 
dajr of If Arch in the year of oar Lord, one thouiuid eight haadrad and four to he examined ; that I 
have examined the mme and And them oonfiwmahleto law, and I do hereby return the eame to the 
Beeretary of SUto, within fifteen dajrt ftom the dato afovaiald, to wit .— «n this ntnetoenth day of 
If arch In the year aforaeald. - 

LBVI LINCOLN, Atty-Gen. of the United States. 

Thb Schxdulb referred to in these Letters Patent and making a part of the 
same, containing a description in the words of the said Benjamin Tyler himself, 
of the Wry fly, which may be applied by wind or water to various machines, 
viz. : Grist mills, Hulling nulls. Spinning mills, Fulling mills. Paper mills, and to 
the use of Furnaces, etc 

The Wry Fly is a wheel which, built upon the lower end of a perpendicular 
shaft in a circular form, resembling that of » tub. It is made fast by the inser- 
tion of two or more short cones, which, passing throuv^h the shaft, extends to 
the outer side of ihe wheel. The outside of the wheel is made of plank, jointed 
and fitted to each other, dowelled at top and bottom, and hooped by three bands 
of iron, so as to make it water-tight; the top must be about one-fifth part larirer 
than the bottom in order to drive the hoops, but this proportion may be varied, 
or even leversed, according to the situation of place, proportion of the wheel, 
and quantity of water. The buckets are made of winding timber, and placed 
inside of the wheel, made fast bv strong wooden pins drove in an oblique direc- 
tion ; they are fitted to the ioside of the tub, or wheel, in such a manner as to 
form an acute angle from the wheel, the inner edge of the bucket inclining 
towards the water which is poured upon the top, or upper end of it, about 
twelve and a half degrees ; instead of their standing perpendicular with the 
shaft of the wheel they are placed in the form of a screw, the lower ends inclining 
towards the water, and against the course of the stream, after the rate of forty- 
five degrees ; this, however, may be likewise varied, according to the circum- 
stances ol the place, quantity of water, and size of the wheel ; over this wheel, 
and exactly fitted to the top of it, is a cup, or short cylinder, made fast ana 
immovable by timbers connected with other parts of the building. Said Wry Fly 
may be used with or without said cylinder. 

BENJAMIN TYLER. 



P. HbRDBBSON, lwUnM»M» 

Saxobl Hitohcook, J »»'«»»«»•»• 



From the description of the Wry Fly it will be seen that except the chutes, it 
contained the principal fi-aturrs of the modem turbine, the merits of which are 
due to many minds; while still gpreater skill is required to brin|f it to that state of 
perfection it is undoubtedly destined to attain. The increasm^ importance of 
the manufacturing interest necessitated the improvement of devices for utilizing 
to the greatest possible extent the water-power of the country. An article sug- 
gested by the change of wheels at LK>well, Mass., is here quoted firom the Courier 
of that dty published in 187 L 

*' The removal of the last in the citv (except one at the machine shop and two or 
three on the Concord River) of the old-fashioned and unwieldly ** breast-wheels ** 
suggests to us that a chapter of information on the hydraulic motors now in use 
here, and the history of their improvement and adoption, may prove ci interest 



Devices of the Past. 
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^ all the renders of the Oourur who take % just pride iu whateyer aids Lowell 
to substantitte her claim to the title of " the first manufaciaring city in Amer- 
ica." And first, let us glance at the old style of wheels, of wmch those now 
i>eing removed from the mills of the Lawrence and Prescott companies are fair 
^examples. These, generally known at ** breast-wheels,'' are dependent for their 
msefnl effect smiply npon the weight of the water, admitted to the buckets near 
the top, and retained as long as possiblf, or ontil nearly at the bottom of the 
wheel, where its force is spent and it is discharged. These wheels have in 
LoweU been constructed of wood, and o; great size, yarring in diameter from IS 
to 30 feet, and usually about 12 feet long. Wheels of this class are still in use to 
A great extent, and in rare instances reach the enormous size of 70 feet in diame- 
ter. From tbe surting^ of the first mill (Merrimack) in 1823, up to the year 1845, 
when the number of spmdles was about one-half that present running, the breast- 
wheels alone were in use, and were considered the most perfect in all respects 
of the kinds generally known. But although held in such high estimation, they 
were yenr eztraya^^ant in the use of water; for although the proportion of the 
useful enect giyen by the wheel to the power expended sometimes reached as 
high as 75 per cent., tne average performance fell far below this point, being only 
About 60 per cent. And the importance of overcoming this radical defect loom- 
ing more and more obvious, improvements were gradually devised which 
jresalted finally iu the invention of a class of wheels known as turbines* 

The word turbine is derived from the Latin turbo, which means among other 
things, a top ; and also, the whirling or spinning motion of a top. The name, 
though sometimes given a wider range of meaning, is properlv applied to a 
re-action wheel with vertical axis. The wheel itself is a French mvention, dat- 
ing back to 1830, or thereabouts ; and it was introduced iuto this country several 
Tears later by an eminent engineer of Pennsylvania, Mr. EUwood Morris, who 
ouUt and put in operation two of these wheels, and published the results of his 
experiments upon them about the year 1843. The advantages of the turbine 
were found to be mainly these ; a greater economy in the a^e of water; adapta- 
tion to any fall ; greater velocity, compactness and durability, and that it was 
not obstructed by backwater. Since Mr. Morris' experiments there have 
appeared before the public almost innumerable varieties of turbines, each inven- 
tor claiming for his wheel some advantage over all its predecessors ; and up to 
the present time several hundred patents have been granted in this country alone 
ibr modifications and alleged improvements of the turbine as first invented. 
Many of these wheels are quite popular, and are in use in small establishments 
sX\ over the country; but being roughly and cheaply made, none of them have 
yet been found to compare with the original Foumeyron turbine as improved hj 
the inventions of Uriah A. Boyden, whose name is familiar to every one who is 
At all acquainted with the history of our city. 
\'^A^ In 1844 Mr. Boyden desisrned a 75 horse-power tuibine for tbe Appleton Com- 
^^ panv's Ficker-house, introducing, as has been said, several changes of his own 
«levi!<ing. This wheel was tested immediately after its completion, and found to 
^ive a useful effect of 78 per cent, of tbe power of the water. Encouraged by 
this success. Mr. Boyden proc. eded in 1846 with the construction, for the same 
•company, of three more turbines of 190 horse-power each, which upon being 
-similarly tested f;ave the remarkable result of a useful effect of 88 per cent. In 
experiments since that time results have been obtained as high as 92 per cent. ; 
9)ut it is considered that a fair average for these wheels is about 75 per cent. 
Azainst 60 for the breast-wheels as above stated. From the date of the Apple- 
ton Company's adoption of turbines, they have come rapidly into use; being 
« ibstituted for the clumsy affairs first used as fast as the latter became unser- 
viceable from wear and decay. 

One of the advantages of the turbine, as already stated, lies in the fact of its 
« 'cupying so much less space, iu proportion to the power, than any other wheels. 
And this will be more fully realized when it is considered that there are in actual 
use for manufacturing purposes turbines of only 6 inchet diameter ; and though 
these, it must be owned, are rare, those of 10 and 12 indies are not onlrequently 
met wiUi ; usually operating, however, in localities where the amount of water 
is limited, while the fall is considerable. Of the 70 powerful turbines in use in 
the mills of Lowell, the smallest has a di-imeter of 5*, and the lar^sest of 11 feet, 
4md the capacity of a single wheel reaches, in several cases, 675 horse power. 

*At the UoM th* forcfoliit wm written there were many turbines in nee at Lowell of lee* diameter 
than 5 ftet, tlioagh peraans none of the Foomeyron etyle ; aince that time the large eompanlee there 
have Uken the Swafai tarbine in preference. The followlnff article give* the origin of the Foomej- 
«on wheel, and will enable the reader to courider Mr. Boyden** claim as Inrentor, vndenttuidlnf Ij. 
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The wholo oower i^ven by the fall of the Merrimack at Lowell, of 88 feet, is 
estimated at about lU.OOO liorse-power, the entire amount of which is alreaidj 
leubed to the corpor.itiona. la addition lo this, there are in the mills 31 steam- 
engines, furnishing 5000 horse-power additional ; and besides tnese sources tuere 
are the three fiiUs of Concord Eiver, the power of which we hare no means of 
estimating. 



♦Poumeyron Wheel. 



[Bxtraet from a IVeatiM on the power of water, by Joseph Olifnn.'\ 

M. Foumeyron, who beieran his experiments in 1823, erected his first tnrbine in 
1827, at Poiit sur rO§[non, in France. The result far exceeded his expectations, 
but he had much prejudice to contend with, and it was nut until 1834 that he con- 
structed another, in Franche Comt^ at the iron-works of M. Caron, to blow a 
furnace. It was of 7 or 8 horse-power, and worked at times with a fall of only 
inches. Its performance was so satisfactory that the same proprietor had after- 
wards another of 50 hoi-ne-power erected, to replace 2 water-wheels, which 
together, were equal to 30 horse power. 

The fall of water was 4 feet 3 inches, and the useful effect, raried ¥rith the 
head and the immersion <-f the turbine, 65 to 80 per cent. 

Several others were now erected : 2 for falls of 7 feet ; 1 at Inyal, near Gisors, 
for a fall of 6 feet 6 inches, the power being nearly 40-horse, on the river £pt6, 
expending 35 cubic feet of water per second, the useful effect being 71 per cent, 
of the force employed. 

One with a fail of 63 feet gave 75 per cent. ; and when it had the full head or 
column for which it was constructed— namely, 79 feet— itd useful effect is said to 
have reached 87 per cent, of ihe power expended. 

Another, with 126 feet, gave 81 per cent.; and 1 with 144 feet fall, gave 80 per 
cent. 

At the instance of M. Arago, a commission of incmiry was instituted by the 
Government of t'rance, for examining the turbine of luval, near Paris, the total 
fall of water beins: 6 feet 6 inches, as has been before mentioned. B^ putting a 
dam ill the river, below the turbine, so as to raise the tail water, and diminish the 
head to 3 feet 9 inches, the effect was still equal to 70 per cent. ; with the head 
diminished to 2 feet, the effect was 64 per cent. ; and when the head was reduced 
to 10 inches, it gave 58 per cent, of the power expended, notwithstanding the 
great immersion of the machine. 

In the year 1837, M. Foumevron erected a turbine at St. Blasier (St. Blaife,) 
in the Black Forest of Baden, ior a fall or column of water of 72 feet (22 metres) . 
The wheel is made of cast-iron, with wrought-iron buckets ; it Is about 20 inches 
in diamet< r, and weighs about 105 pounds ; it is said to be equal to 56 horse- 
power, and to eive an useful effect equal to 70 or 75 per cent, of the water i ower 
employed. It drives a spianing-mill belonging to M. d'Eichtal. A second tur- 
bine, at the same establishment, is woiked oy a column of water of 108 metres, 
or 354 feet high, which is brought into the machine by cast-iron pipes of 18 
inches diameter of the local measure, or about 16>^ inches English. The diame- 
ter of the water-wheel is 14^, or about 13 inches English, and it is said to expei d 
a cubic foot of water per second; probably the cxpendicnre may besomewhut 
more than this. 

The width of the water-wheel across the pier is .225, or less than a quarter of 
in inch. It makes from 2200 to 2300 revolutions per minute; and on the end of 

*The FoumejTon wheel receive* the water from the inside, diecharging It oatwards. The gate, a 
thin hoop aomewliat deeper thao the wheel, la placed between the chutes and wheel, and la opened 
by being raised With soch an arrangement, eoonomloal part gate results are Impossible ; and M. 
Foumeyron and many others have made the wheel with WTisions In the buckets as shown in the 
MacAdam plan. The '* quarter tom** of the Holyoke Machine Co. is the Invention of Mr. Boyden. 
MacAdam places the wheel at the small md of a vertieal cone-shaped tube. Valentine and others 
have placed it in scroll and various kinds of curbs. It has been eonftnieted so as to reoeive^tha 
water fVom below by many parties. It luu been made with register gate Inside of dmtas. between 
chutes and wheel, and in one case in ny eiperienoe, with two register gates, one inride of ehatea, the 
other outside of wlieel. It lias lieen made with siiort stnif^t chutes, also lone carved ones. It has 
been suspended by the npper end of its siiafl in varlona ways, instead of resting apon a slap. It 
has been made of iron in the coarsest and cheapest style, and of bronze at sa MaocaMNH aost* It Ims 
proved as variable in oaeAal efftct «• any of the other kinds of tnrbinea. 
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the gpindle •r upright shaft of the turbine is a bevelled pinion, of 10 teeth, work- 
ing into tw9 wheels, on the right and left , each of which has 300 teeth. These give 
motion to the machinery or the factory, and driye 8,000 water spindles, royin|f 
frames, cardin<r engines, cleansers and other accessories. The useiul effect is 
reported to be from t^ to 85 per cent, of the theoretical water-power. The water 
as filtered at the reservoir before it enters the conduit pipes ; and it is important 
to notice this, since the apertures of discharge in the wheel are so small as to be 
easily obstructed or choked. 

The water enters the buckets in the direction of the tangent to the last element 
of the guide-curves, which is a tangent to the first element of the curved buck- 
ets. The water ought to press steadily against the curved buckets, entering 
them without shock or impulse, and quitting them without velociC) , in order to 
obtain the greatest useful effect; oiherwise a portion of the water's power must 
be wasted or expended, without produdni; useful effect oa the wheel. 

It is difficult to iniagine that a machine so small as this can fiive motion to the 
works of a cotton mill on so Urge a scale. Professor Buhlmann sajrg, that when 
he saw it actually doing so, he could not for some time credit the evidence of his 
senses; and, although he went purposely to examine it, his astonishment 
prevented him from comprehending, in the first instance, that the fik:t was really 
as it appeared. 



The Jonval Turbine 



[From J, S, StetentotCB CireularJ\ 

By referring to onr certificate on another page, it will be seen that it is impossi. 
ble to construct a turbine greatly to exceed In useful effect a " Jonval," when 
properly constructed and well finished; and by reference to the table of experi- 
ments here inserted, it will be noticed that the efficieucy of the Jonval turhine 
depends not upon the name "Jonval," neither upon tne simple fact that one 
wheel is placed above another— as from 6 Jonvals tested, but onk gave 90.77 per 
cent., that being t^e one made byun; whereas one other g ive only 60.34 per 
cent., the lowest of all tested. And why this difference? Simply because one 
builder knew what he was doing, and the other did. not. There are many partii s, 
purportins to manufacture the Jonval tuibine, who state in their circulars that 
** at a trial of turbine wheels, at Fairmount Water Works, at Philadelphia, in 
1850 and 1800, the Jonval wheel gave the highest percentage of all tested;" 
and they would have the public believe that with their rough, unfinished cast- 
ings, guide and bucket curves, of whatever form they may happen to be, they 
give this wonderful result, when none of them possess more than one feature of 
the Jonval turbine; and these experiments show that a "Jonval," made by a 
man of experience, and tested under the most favorable circumstances, gave the 
poorest result of all, simply because he failed in the application of the principles 
embodied in its construction. 

The following is a table of the experiments at the Fairmount Water Works, at 
Philadelphia, in 1859 and 1860, as taken from the report of the Chief Engineer. 
The table explains itsell 



At a trial of watar wheels, at Falrmotmt Worlu, by order of tbo Select and Common Coonell of 
the City of Philadelphia, a Jonval turbine, made by " J. K. Stevenmn," of ft ttereon. New Jeney, 
waa tested March 9th, U0O, and produced a oo-elBclent of aaeflil effect of .8777 per cent, under tho 
fullowfasff dreomstanoe : 92S pounds were raised 25 feet by 70.25 cubic feet of water under a head 
and fell of 6 fret. To this roust be added the friction of the transmitting maohineiy, estimated at 
8 per cent., maklnf a total naefhl eflRtct of .8077 of the power employed. 

O. H. P. PjLBKER, 

Chairman o/the Wattr Com, 

(8BAI. or CITT.) 

, HENRT r. M. BIUKIKBIXE, 



In attaatatlon of the above signatnrea of O. H. P. Parker and Henry P. M. Blfklnblno, X set mv 
hand and afllx the seal of the Ci^ of PhOadelphia, this, 8rd day of April, 1860. 

▲LEX4KDEB HENRY, 

Mafor of PhOmMpkim. 



JoDTal Wheels, with VariatioiUB. 




CA.SB. VANDBWATBR-BURNHAM. 
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Table of Bzperiznents. 



KAMB OF WHEEL. 



SteTeiison's 2nd wheel 

Gkyeliu's 2nd wheel 

Andrews & Kalbach*8 8rd 

wheel •••••••••••••••••• 

Collins* 2nd wheel 

Andrews & Kalbach's 2nd 

wheel 

Smith's Parker's 4th trial... . 
Smithes Parker's 8rd trial .. . 

Stevenson's 1st wheel 

Blake 

Tyler 

€I«:^elin's let wheel 

Smith's Parker's 2nd wheel.. 

Merchant's Goodwin 

Mason's Smith 

Andrew's 1st wheel 

Eich 

lattlepage 

Monroe 

Collins* 1st wheel 
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added 


Wli««I. 


of cfftoet. 


for 
fHction. 


Jonval. . 


.8777 


.9077 


Jonyal. . 


.8210 


.8510 


Spiral... 


.8197 


.8497 


Jonyal. . 


.7672 


.7972 


Spiral... 


.7591 


.7891 


SpiraL.. 


.7569 


.7869 


Spiral... 


.7467 


.7767 


Jonral. . 


.7335 


7635 


Scroll... 


.7169 


.7469 


Scroll... 


.7123 


.7423 


Jonyal.. 


.6799 


.7099 


Spiral... 


.6726 


.7026 


Scroll. . . 


.6412 


.6712 


Scroll... 


.6324 


.6624 


Spiral... 


.6205 


.6505 


Scroll . . 


.6132 


.6432 


Spiral... 


.5415 


.5715 


Scroll... 


.5359 


.5669 


Jonyal. . 


.4734 


.5034 



Wbere Built. 



Paterson, K. J. 
Philadelphia, Pa. 

Bemyille, Pa. 
Troy, N. Y. 

Bemyille, Pa. 
Reading, Pa. 
Readintr. Pa. 
Paterson, N. J. 
East Pepperell, Ma8»k 
West Lebanon, N. H. 
Philadelphia, Pa. 
Reading, Pa. 
Guilford, N. Y. 
Buffalo, N. Y. 
Bemyille, Fa. 
Salmon Biyer, N. Y. 
Austin, Texas. 
Worcester, Mass;. 
Troy, N. Y. 



Turbine builders may object to my classification of the various wheels repre* 
sented upon the opposite page ; but because M. Jonyal defined certain lines for a. 
turbine, he no more proved that those lines covered the principle than he would 
have proved that the only place to walk upon a street is exactly three feet from 
its centre on a line parallel therewith, had he defined such a line. The wheel 
itself was common and known as the Tub wheel. Two wheels made upon 
the Wry-Fly specification, placed one above the other, would have covered the- 
plan of M. Jonyal; placing a fixed wheel above the wheel proper would 
have little originality unless done before any other builder had made an applica* 
tion of chutes to turbines. The experiments of D. P. Blackstone, show plainly 
that the vertical part of the buckets of the Vandewater-Bumham wheel, repre> 
sented with the others, is of little practical utility; indeed, the vertical part of 
such buckets have often been proved to be decidedly iigurious. Wheels con* 
stmcted in that way, however, render it more convenient to apply the water 
economically at part gate. Many plans for gates have been tried ¥rith th» 
Jonval, but none that has not in some way proved objectionable. Many have 
been made without any gate, simply letting the water on from the head gate of 
flume* Geyelin of Philadelphia has a telescopic tube below the wheel, the bot- 
tom thereof being lowered to the apron beneath, in order to stop the water. 
Wicket gates havo also been tried in a tube below the wheel, but both plan» 
cause an extravagant use of water, unless the wheel nms at whole gate. " Out- 
side register gates ** are the most common ; these also render it impossible to 
economize water at part gate. The inside register, like that of Gates Curtis i» 
Ikr better in that way, but like the othir register gates it works hard. I>own. 
irard discharge wheels were objected to because they were supposed to pre8» 
heavily upon the step ; such an idea could only have gained a place through, 
very superficial reasoning, for if 75 or 80 per cent, of the weight of the water 
forced the wheel ahead, the balance of the weight could only press down upon 
the step, whether downward, central or outward discharge, 
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trd ud Dutwirdi -mnd dlA* 

ch B»Boy JoutbI, Ac., 4c." 

Lthe ability of luch devices to dlflcTiarn 

en tested uidinTk- 

,.. — iplj b«c»iire &1I thfl 

iblB wbeel, ODd to gire up tbM wonld laTalU 



that ill dou 



Double Wheels. 
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Double Power Water Wheel 

Patented January 30, 1866. 

• ♦• 

In this improvement we have a device for combining wheels driven by the 
force of running water, and also by the weight of the nuid, botli acting in the 
same direction, and the latter using the water which has already given power 
to the former. 

Fig. 1 shows the external appearance of the case of the wheel, and Fig. 2 
the two motors with tlieir gearing. The stream is received at A, Fig. 1, and, 
by the spiral form of the case, is forced to receive a rotary motion as in the 
common Turbine. This water acts dire<;tly on the buckets, B, Fis[. 2, which 
radiate from the center. They are connected to a hollow shaft, which carries 
the large bevel gear, G, gearing into the pinion, D, on the horizontal shaft. 

Passing through the inside of this main shaft is the shaft, £, to which the 
scroll wheel, F, is secured at the "bottom, atid a bevel gear, smaller than G, at 
the top. This gear meshes with the pinion, Q, on the horizontal shaft. After 
the water, by its rotary force, has done its work on B, it falls and operates F, 

giving it twice tlie speed of B. By this combination we claim that this device 
as twice the power of an ordinary wheel with the same weight and force of 
water. It has been tested by practical men with even greater results. There 
is now one of these wheels in successful operation in the machine shop of 
Messrs. Glapp & Hamblin*s, of this Gity, who have the exclusive right 
for the manufacture of the same in this State, and the public are invited to 
call and test it for themselves. The proprietors, L. D. Wynkoop and S. P. 
Stone, are now prepared to negotiate with anv responsible pariies for the 
right to manufacture the same in any State of the Union. In offering this to 
the public, we are aware that the cry of humbug will be made, but we guaran- 
tee all we claim for it, and we wish no one to engage in it until he is satisfied 
that what we claim is true. Any inquiries ad<u'e8sed to the proprietors, at 
Owosso, Mich., will be promptly attended to. 

L. D. WYNKOOP. 
S. P. STONE. 

We the undersigned have seen the Wynkoop Wheel in operation and be* 
fieve it to be all the inventor claims for it. 

J. B. BARNES, Mayor, JAMES W. STEDMAN, 

A. BARTLETT, Gity Marshal, P. M. ROWELL, 

E. D. GREGORY, J. H. GHAMPION, 

C. W. GLAPP & GO., EDWARD SMITH, Machinist, 

D. R. STONE, A. J. PATTERSON, 
N. McBAIN, C. A. BALDWIN, 
GREEN ft LEE, Editors "Press," E. SAI5BURY, 
DANIEL LYON, H. S. GALUSHE, 
WILLIAM FLETGBER, G. OSBURN. 

• •• 



CERTIFICATE : 

From the experiments performed with the Wynkoop Wheel in the 

Foundry of Messrs. Glapp & Hamblin of this city, I find it to utilize more than 
176 per cent, of Uie absolute weight of water used; probably racarer 200. 
This I regard as no violation of the principle laid down in our natural philos- 
ophy, viz: that no wheel can be invented which will utilize 100 per cent., as 
the wheel in question is not a single one, but such a combination of wheels, 
as can not fail to give a vast increase of power. 

I. G. GOGHRAN. Principal of Owosso Union SchooL 
HENRY GOULD, Millwright, Owosso Gity. 
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Effloiency of Turbines. 



In reporting fhe efficiency of the many water wheels brought to be tested dur- 
ing the past ten years, it has been a rery difficult matter to suit all that have 
been interested, yet no builder has ever expressed a d ubt that any other builder 
has erer received a less favorable report than he dcs( rved ; but in their own par* 
ticular ca«e something a little more favorable should have been said, or some- 
thing unfavorable left unsaid. Thousands have asked my advice in turbine 
matters, and many hundred*, if not thousands of turbines have been selected 
upon the advice given; yet not a single complaint has ever been made that the 
wheel reconunended proved unworthy of the recommendation, nor in the ten 
years, has a wheel that I have reported poor, proved by practical use to be pood, 
lime will determine whether my opinions, statements and reports relative to 
turbine matters have been well founded, and to that decision I am willing to 
trust. 

In making up the following reports, my purpose has been more to aid builders 
in selectmg the best plans than to sell wheels constructed upon any of those 
BOW existing; to do so. requires a knowledge of the lowest as well as of the 
highest results obtained by test of each, and such are given. 

The extreme variations in the results obtained from every kind tested, should 
convince purchasers that there is no certain way cf procuring a good turbine 
otherwise than by testing, before acceptance, as they would do if purchasing a 
horse. 

The wheel of B. J. Barber might properly have been placed in the group with 
the Wynkoop and others of that class— not that Mr. Barber believed iu perpet- 
xul motion or 175 per cent, wheels ; but he believed that an unexpended force 
remained in the water discharged by any single turbine, and that that force 
could be utilized by adding a second wheel below the first. His plan, however, 
cairied oat as shown, simply produces the ordinary downward discharge wheel. 
Mr. Barber erred in using the central discharge at all. for much better results are 
possible with the pUin downward discharge than can be obtained firom the cen- 
tral, or his combination. 

The other wheels with double discharge, reported in the following pages, such 
M the Bwain, Ijeffel, BcUpse, Angell, Walsh and others, were so constructed, 
under the expectation of obtaining increased capacity for a given diameter, 
but a comparison with the capacity of recent plani will show that such expecta- 
tions were not well founded. 



A. M. Swain, North Chelmaford, Maas. 



SWAIN TURBINE. 
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WALDO WHITNEY. LEOMINSTER, MASS. 
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184 


36.80 


.777 


1311 61 


.804 


0. . • 


18.50 


460 


181 


37.00 


.779 


1316.77 


.808 


" 7... 


18.60 


460 


178 


37.21 


.781 


1321.93 


.805 


o. . . 


18.60 


470 


176.6 


37.49 


.784 


l:{82.23 


.806 


" 9... 


18.61 


480 


173 


87.74 


.786 


1337.39 


.807 


« 10... 


18.60 


490 


171 


38.09 


.790 


1347.76 


.806 


" 11... 


18.49 


600 


168 


88.18 


.792 


1852.96 


.807 


" 12... 


18.49 


610 


166 


88.48 


.793 


1866.76 


.812 


" 18... 


18.48 


620 


168 


88.62 


.796 


1371.19 


.804 


** 14... 


18.47 


680 


162 


39.00 


.800 


1873.78 


.813 


" 16... 


18 48 


640 


169.6 


89.16 


.802 


1379.00 


.813 


" 16... 


18.46 


660 


166 


38.76 


.804 


1383.22 


.808 


" 17... 


18.46 


660 


149 


87.92 


.806 


1888.44 


.788 


Head R*due«d. 
















Whole Gate, 19... 


12.67 


360 


131 


20.84 


.706 


1187.60 


.766 


" 20... 


12.63 


370 


128 


2A.68 


.710 


1169.69 


.747 


" 21... 


12.61 


890 


116 


20.66 


.718 


1166.58 


.740 


" 22... 


12.62 


S60 


128 


20.94 


.709 


1167.22 


.768 


" 28. . . 


12.63 


340 


ia3 


20.56 


.702 


1189.94 


.765 


" 24... 


1264 


380 


187 


20.66 


.699 


1120.81 


.768 


" 26... 


12.6S 


820 


141 


20.61 


.696 


lllOJSl 


.772 


Head Reduced. 
















Whole Gate^ .. 


6.81 


160 


111.6 


7.60 


.f^64 


786.43 


.762 


" 2S... 


6.77 


160 


106 


7.61 


.668 


792.63 


.760 


•* 29... 


6.76 


170 


99 


7.65 


.664 


807.72 


.742 


" 80... 


6.72 


180 


96.5 


8.06 


.667 


814.66 


.779 


" 81... 


6.70 


190 


88 


7.fl0 


.678 


826.68 


.727 


" 82. . . 


6.66 


200 


86.6 


7.88 


.680 


841.31 


.789 


Part Gate, 
















7^ SU 


18.61 


460 


168 


38 84 


.781 


1197.48 


.796 


% 36... 


18.74 


390 


162 


28.72 


.660 


1024.16 


.792 


}4 36... 


19.2A 


200 


167 


14.27 


JSOO 


666.34 


J»0 


J^ 37... 
\i 88... 

*-• 


19.46 


60 


211 


4.79 


.878 


460.83 


.282 


19.46 


60 


142 


3.22 


.310 


842.70 


.266 



Whole Gate. 


Head. 


Weight. 


Rey.per 
minute. 


Horse 
Power. 


Cub. ft. 


Per 
Cent. 


2d wheel, June 26, 1873, . . . 


18.40 
18..39 
18.30 


4.M) 
480 
500 


174 
163 
154.5 


85.59 
35.56 
35.11 


1345 
1374 
1389 


.762 
.746 
.728 


8d wheel. July 17, 1878, 


18 24 
18 22 
18.22 


450 
480 
440 


166.5 
158.5 
160 


84..^! 
34.58 
83.80 


1342 
1370 
1332 


.747 
.734 
.738 


4th wheel, Aug. 16, 1878, . . . 


17.91 
17.90 
17.88 


400 
460 
480 


184.8 

168 

161 


83.51 
84.36 
35.11 


1317 
1848 
1871 


.768 
.756 
.70» 



B. J. BARBER, BALLSTON SPA, N. Y. 

(From mj Beport ot UTL) 




IIE«B lEBUCEl 



H01.TOKB, MABi., SepUmbsr 30, 1B73. 



JAHB3 BMBBSOIT. 



87 



THOMPSON & HOLCOMB WHEEL 

This eertiflet that a Water Wheel, 30 inchen in diameter, made of ea«t in»^ 
fly-trap gates — downward discharge,— in form somewhat like the Houston, 
known as the Thompson Turbine, was sent to the HolyolKe Testins Flame by 
A. P. Holoomb of SiWer Greek, N. Y., to be tested. The figures showing the 
results obtained bT me, may be found below. Daring the toit, the scale beam 
was attached to the brake at a point, which, if revolving, would describe a 
circle fifteen feet in circumference, consequently the revolutions of the wheel 
must be multiplied by fifteen to obtain the correct speed. 

IiengUi of Weur, 6 feet. 

Temperature of Water, 82o Fah. 

Weight of Water, per cubic foot, 62.876. 

Correction for Leakage, 18 feet head, 18.10 cubic feet 

Correction for Leakage, 12 feet head, 11.10 cubic feeL 

Correction for Leakage, 6 feet head, 9.10 cubic feet. 

A second trial of the same wheel to ascertain the effect of short extensions 
added to the outer end of chutes, for the purpose of rounding or flaring them 
when open. These extensions prevented the gates firom beinff open^ quite 
as wide as without them, consequently less water was discharged. The partial 

fate at flrst trial gave best percentage, but owing to a breakage of the gates 
y the ice at the second trial, no part mte tests could be taken. 
The wheel run very steady, was easily regulated, and ftrom its high speed is 
a fkvorite with those who have It in use : its gates, like the Leffel and all of 
that class, would be likely to become leaky. 



Mo.orTc«t 



WhoteOat*, S 

•* 8 

" 4 

•• 6 

•* 6 

•* 7 

•* 8 

•• 9 

" 10 

NEAB ICDUCED. 

Whole Gate, 1« 

•• 14 

•• 15 

" 16 

•• 17 

•• 18 

** 19 

•• ao 

NEAB lEBUerD. 

WhaltChito,» 

" M 

MO . . . • . 

• » 

Jvlj 12th. 

TmI of tti« Hune wheel 
befcre extensions 



Head. 



Whole Oele, U 

•« S9 

FteiOste, » 

•♦ 81 

«• it 

•• 88 

«• 84 



18.44 
18.45 
18.42 
18.40 
1M» 
18.88 
18.88 
UL85 
18.26 



18.19 
12.18 
12.18 
12.18 
12.17 
11.17 
12.18 
12.18 



6.80 
8J0 
ej8 



18.10 
8.41 
ISJtB 
18JS 
18.44 
18J0 
SM 



Weight 


Bev. per 
Minute. 


890 


220.5 


400 


2sg) 


410 


221 


420 


218 


480 


215 


440 


211 


450 


207 Jl 


480 


103 


450 


20S.8 


200 


188 


270 


178 


280 


172 


290 


170 


800 


161.5 


810 


ISB.7 


2N5 


169 Jl 


295 


164 


180 


189 


185 


1S8 


140 


18i.5 


145 


128 


460 


206 


160 


I0R.5 


400 


208 


825 


206 


280 


207 


200 


fNJl 


126 


102 



Horse 
Power. 



88.09 
40.00 
41.18 
41J2 
42.02 
42.20 
42.44 
4V.42 
41.99 



SI.62 
21 JM 
21 JO 
22.40 

aM 

22.08 
21.98 
21 JO 



8.21 
8.48 
8.48 



Weir. 



48.07 
7.58 
86.60 
80.70 
MM 
WM 



1.226 
1.X48 

1.954 
1.288 
1.280 
1.206 
1.281 
1.280 
UOO 



1.080 
1.082 
1.065 
1.088 
IMl 
lUWl 
1.0M7 
1.086 



iITt 
.878 

.876 

jr7 



U74 

.800 
1j040 



Sit 
J20 



Cnblo 
feet 



1547.76 
1579.89 
1569.95 
1614.97 
1611.20 
16n7.4S 
1618.09 
1MI.20 

leujo 



1285.96 
1289.47 
1294.75 
1800.06 
1806J0 
1S06JO 
189N.S7 
1800.06 



940J8 
9I6JB 
945.08 
M6.6B 



Per 
Cent 



1718.41 

974.88 

1488.27 

12S0.5B 

VMM 

880.88 

747.68 



JSI 
.728 
.741 
.748 

jn 

.756 
.757 
.788 
J5i 



786 

.fa 

JSI 
JSf 
J8i 

.Ttt 



.m 

J88 
.717 
.708 



.nr 

.6B» 
.748 
.721 



HoLTOKS, HAf 8., December 18, 1872 



JAMES EMERSON* 



N. F. BURNHAM, rORK. PENN. 






^d 


S -- -^ 


*l| 


IP- 


^^ 








^^ 


^^ 


^m 


»te 


^ 






So.OtT«U. 


He«l. 


WBight. 


K»i. 


Horw 


Vtlz. 


Cnbto 


rt 


WhotoOkte,!... 


IBM 


T» 


169 


SS.1B 


.308 


ie»«.u 


.Tax 




18.18 


BOO 


IBl 


84.91 


.309 


is96.n 


.7B7 






eio 


160 


66.22 


JU 


M0127 




" *'.'.'. 




820 




86.16 


.812 




.807 




1810 


880 


147 


66.46 


.313 


2006-78 


.810 




18.09 


m 


14B.6 




.31S 


201:M 


.761 


•^r^^rT... 


1S.SD 


esQ 


146.4 


48.28 


IJJOO 


1756.97 


.147 


•^r^sTs... 


ia.30 


616 


lU.l 


40A3 


1.147 


1642.74 


.m 


*'ir.KEr»... 


18.23 


000 


147,2 


83.47 


1.062 


1464.83 


Mt 


'=i,r.s^o... 


1B« 


386 


47 


24.30 


-BM 


1180.30 


870 








46.4 


86.23 






!T94 


pmrlCWe, IJ... 


18,20 


680 


47.4 


48,06 




laiziBB 


.733 


WlUunilU'ktlS... 


1S.2S 


61S 


4S 




1.17B 


1708.50 


.689 


WluilaaaM,14... 


IB.ift 






83.18 




lEOS.SD 


.330 


16... 


18.87 


3«6 


4S 


24.36 


.969 


1262.11 


«7 


HMd Rtiaui. 
















WholBQata,lT... 


3.U 


460 


137 


28.02 


1.120 


1686.a 


.772 


", »... 


13.llt 


478 


133.6 


28.82 


1.27 


1600.98 


.778 






600 












at!!! 


sas 


625 


123.6 


!»47 




1626:i» 


1792 


ai... 


3.11 


660 


117 


29,25 


1.43 


1631,77 


.784 


ffl... 


J3M 












.708 



HOUSTON WHEEL. 

Thli certiflea, thM » Water Wheel 50 inches in diameter, made ol 
CMt iron, cast whole, Begiiter gale, known ai the Houiton Water 
Wheel, wa« sent to (be Hoifoke Testing Flume hj O. E, Merrill ft 
Co., BeloiC, WiicoDsin, to be test«d. 




aw 



OM 



PraTitniB to the trial of thi* wheel it bad been frozen (olid tn Im at 
the bottom of the flume for two weeks; to clear it, crowbars, blocks 
of wood, axes and other implemeota were used, some of which en< 
tered the wheel with a crash when it flrat started, probablj throwing 
it out of center, for it required the strength of two men applied to 
the rim of the hnke (six feet la dianiPlerJto turn the wheel when 
the gale was closed. 



E. L. SMALL, URBANA. OHIO. 



r bs foond below. Tba pMullkritf of tbs trhMl 
:ket», Uie ntt* belu ilRiplT lui« biic«t«. Tba 
HIS, — Ilr, Bmail belleiliig KDclca bMlv tk«B 




Hud R du Ml 
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r£STS OF A a6-UiCU AND OF A 48-INCH TUTTLE WHEEL AT 
SMITH A MEADEB'9 MILL, WATERVILLE, ME. 



38-iaeh. 


Key. 

per 

Minute. 


Weight 

in 
Pounds. 


Horse 
Power. 


Head 

in 
Feet 


Weir. 


Cubic 

Feet 

Diach'd 


Per 


No. of Test. 


Cent 


Whole Gate. 1... 
" ^1. . . 


190.8 


425 


96.86 


16.86 


1.438 


2746.83 
2779.66 


.447» 


162.6 


600 


44.82 


15.84 


1.450 


Uk>£o 


" 12... 


161 


616 


46.01 


15.79 


1.446 


2768.70 


.6572 


Part Gate, 18. . . 


175 


825 


25.82 


16.68 


1.250 


2227.83 


.8698 


" 14... 


168 


lao 


9.98 


17.22 


.963 


1489.96 


.2066 


48«iac]i« 




• 












Whole Gate, 1... 


148.4 


900 


60.71 


14.63 


1.634 


41.35.02 


,M4Z 


*' ft 


140 


1000 


68.68 


14.47 


1.680 


4145.97 


.6612 


" 9... 


18R.5 


1025 


64.58 


14.45 


1.630 


4145.97 


.5631 


« 10... 


1S7 


1050 


65.38 


14.48 


1.^2 


4149 62 


.6625 


" 11... 


lao 


1100 


65.00 


14.48 


1.680 


4145.97 


JJ72 


" 12... 


126 


1150 


66.38 


14.48 


1.632 


4149.62 


.671 


^ Gate, 13. . . 


161 


425 


31.11 


15.73 


1.312 


2992.99 


.849 



TESTS OF A 42-INCH TYLER, AND A 42-INCH REYNOLDS WHEEI^ 
AT VASSALBORO* WOOLEN MILLS, VASSALBORO», ME. 



Tyler. 


Rev. 

per 

Mmute. 


Weight 

in 
Pounds. 


Horse 
Power. 


Head 

in 
Feet 


Weir. 


Cubic 

Feet 

DischU 


Per 


No. of Test. 


Cent 


Whole Gate, 1... 

A. . . 

" s 

" 4 

Rejaolda. 

Part Gate, 1... 
2... 

« 3... 

" 4... 

" 6. . . 

" 6... 
Whole Gate, 7... 

« ft 


168.6 
164.4 
160.8 
144.6 

139 

168.6 

172.5 

173J> 

161 

149.6 

166 

16L6 


700 

760 

800 

1100 

800 
750 
775 
800 
f60 
900 
1000 
1100 


63.65 
56.05 
68.47 
72.80 

60.64 
67.44 
57.74 
63.09 
62.20 
6120 
76.45 
80^ 


27.21 
27.21 
27.21 
27.21 

28 
28 
28 
28 
88 
28 
28 
28 


1.264 
1.282 
1.282 
1.297 

1.210 
1.210 
1.210 
1.210 
1.210 
1.210 
1.297 
1.297 


2609.50 
2664.84 
2664.84 
2776.10 

2436.82 
2436.82 
2486.82 
2486.82 
2486.82 
2486.82 
2776.10 
2776.10 


.8999 

.4069 
.4266 
.5068 

.8918 
.4468 

.447T 
.4892 
.4828 
.4745 
.4688 
.6015 



Tbls certittes. that <ui the 8th and 9th of this month I tested two 42-inch 
water-wheels at the vassalboro* Woolen Mills, VaHalboro*. Me., George 
WUkins, Agent. 

The first was called a Tyler wheel, though not made or furnished by Mr. 
Tyler. Regulator speed of wheel 170 revolutions per minute. The test proved 
that it was run at a velocity much too high to utilize its greatest effectiveness. 

Second wheel, a " Reynolds.** Testing first with gate open the same as 
When running all the roachinerv attached to it six tests; then the gato wa9 
opened in full; with 1100 pounds on the scale beam the wheel ran very un- 
steadily, so much so that it was considered useless to try it with more weight 

Weir 10 &et in length, sectional area approaching weir 25 feet in widths 
depth below crest 2.6 net 
ji^rU 16, 1872. JAMES EMERSON. 




No, of TbbC 


■>d. 


Weight 


MInule. 


nana 


42-lnoh WhMl. 


Power. 


. J 


1B.17 

II 

ii 

IB .00 

lo.on 


600 

goo 

800 
9(i0 

seo 

a 

BOO 

eon 

700 

low 

1 


m 
i*a 

18S 

is 

i« 

i 

82 




































54-li>ol> WhMl. 

















































ccntto^ or uicfiil effect fro 

ThenCerlii tba nee be] 
Tridlh, IM relodly beii>B to 
leut oite foot In * hoDiued. 



nchia RTerBES depth. 2B feet In 
:« br«*k white, the &U being at 



J. W. UPHAM, WORCESTER, MASS. 

Ur. ITplikm hu been In the Wstcr Wliee) buainen 
known fer kls»<rllng Integritj. The wheel he now 
tba Howton Wheel Inverted. It bu a register gate ~ 
tC I* on the InsldeaC tlie top nnd gmall. The flguru ... 
null at mj Lowell Flume. The two last His of Ugurei 
4p«ed at wolch It maf be run, and prodaca good power. 




iraofTart. 


Held. 


wnjiht. 


Ss-.s- 


IIonM 


■^ 


fS 


a^ 






SIS 


1 

8i 


i 

aw 


as 


1 


1 


IBS 


i 



E. a. Libby. Medford, Mass. 

.1^ ti .d of wbei 



.TMr.Llbby-. 
loged w»» 



tested bjm. 


Aug. S, 1876, 


Rirtng Ibe fo 


owi"r«i"i 






Head. 


Walghl. 


Rey.permln 


Horsepower 


Cubic rest. 


Per Ceni, 


S.13 
S.Sfi 
S.SS 
S.4g 


SOO 


293 
S09.J 


i*;oa 


2101 as 


.8568 

!28eo 



Hunt'B Double Action Tarbine 'Whoel. 



The cut >t the left rspnHntk the Hunt cnrb, itlih the downnrd ind ontnid 

other cut npiiMni) itae ohecl Kenenlly uted bv the IIuuc Uuhine Uo.,'(th« 
Sm'n) i uid the one giving chu retulu nported ia the finl uble belo.T, *!», 




Teeto 


f > W-lnch Hunl-Swun wheel. 




n.^. 


Weight 


Mnu" 


n.p. 


fcet. 


Cent. 


Whole <3Me 


iiioi 


1 


S3 


m:m 


s 


W 












Teit of * Hunt-Flint vhee 


buckets in curb .bore. 




Held. 


Weight 


BcT.pei 


H, p. 


fteU 


Per 
Cent, 


VboleGue 

PwtG.te 


U.3S 


600 


116 


WJT 


S 


•0060 

.TDM 
.TSM 
.4JU 


Ton oin Hunt wheel, down 


wud diechirge, lo the lune cnrb u the one ibon. 




Held. 


Weight 


^ul" 


^« 


Cubic 

(«t. 


o'.-.1 


Whole GiUe 

PwGMe 


1B.M 


«W 


■n 
n 


lam 


itw.n 


.S7W 




■* *■ 


.toei 
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Eodney Hunt Machine Do*^ 



• •• 

This certifies that a Watbb Whbbl, thirty inches in diameter, 
made of cast iron, central and downward discharge, known as the 
Hunt Double Action Turbine was sent to the Holtokb Tbbtiho 
Flumb by the Rodney Hunt Machine Co., of Orange, Mass., to 
be tested. The date of each test and the figures showing the exact 
results obtained by me, may be found on the following pages. Dur- 
ing the test the scale \)eam was attached to the brake at a point, 
which, if revolving, would describe a circle fifteen feet in circum- 
ference, consequently the revolutions of the wheel must be multiplied 
by fifteen to obtain the correct speed. Data for one minute : 

Length of Weir, 6 feet 

Temperature of Water, 40^ Fah. 

Weight of Water, per cubic foot, . • . . . 62.873. 
Correction for Leakage, 18 feet head, . • • 14.20 cubic feet 
Correction fbr Leakage, 12 feet head, • • 12.20 cubic feet 

Correction for Leakage, 6 feet head, . . . 10.20 cubic feet 



Ko. of Test 


Head. 


Weight 


Hey. 

per 
Minute. 


Horse 
Power. 


Weir. 


Cable 
Feet 


Per 
Cent- 
age. 


Whole Gate, 


18.84 


660 


126.6 


37.08 


1.192 


1473.94 


.7246 




18.36 


626 


177.6 


42.86 


1179 


1460.17 


.8388 


" 12... 


18.36 


640 


171 


41.06 


1180 


1401.99 


.8187 


" 18. . . 


18.86 


660 


168.6 


42.12 


1.184 


1469 80 


.8276 


" 14... 


18.84 


660 


166 


42.26 


1.187 


1474.80 


.8260 


" 16... 


18.84 


630 


176 6 


42.62 


1.181 


1468.82 


.8386 


" 16. . . 


18.86 


620 


180.6 


42.66 


1.178 


1468.34 


.8483 


" 17. . . 


18.86 


610 


183 


42.42 


1.178 


1449.23 


.8426 


" 18... 


18.86 


600 


186 


42.04 


1.170 


1448.77 


.8409 


Part Gate, 19... 
















" 20... 


18.87 


476 


190 


41.02 


1.168 


1422 00 


.8306 


" 21... 


18.88 


490 


186 


41.42 


1.160 


1426.62 


.8374 


" 22... 


1886 


600 


183 


41.69 


1.168 


1427.48 


.8396 


" 28... 


18.42 


440 


182.7 


86 64 


1123 


1369.02 


.7722 


" 24... 


18.40 


460 


186.6 


87 94 


1.126 


1862.62 


.8066 


" 26... 


18.40 


460 


176.6 


36.92 


1.128 


1368.69 


.7766 


" 28... 


18.61 


260 


179 


20..')4 


.982 


1080.04 


.6613 


•* 27... 


18.60 


286 


186 


19.76 


.927 


1022.66 


'!2376 


«• 28.. 


18.86 


75 


176.2 


6.01 


.727 


710.89 


Head Reduoed. 




• 












" 80... 


12.24 


2S0 


178.8 


19.69 


.Voo 


1117.88 


.7680 


« 81... 


12.20 


276 


166 


20.62 


.996 


1188.16 


.7866 


•« 82... 


12.19 


800 . 


167.6 


21.47 


1.007 


1168.66 


.804 


•• 88... 


12.17 


320 


161 


21.96 


1.018 


1187.38 


.804 


** 84... 


12.16 


840 


146 


22.41 


1.027 


1192.77 


.8196 


« 86... 


12.13 


860 


141.6 


22.61 


1032 


1201.87 


.817 


« 88... 


12.18 


860 


187 


22.41 


1.066 


1206.27 


.8088 


«' 87... 


18.18 


870 


1846 


22.62 


1.067 


1206.99 


.8179 


** 88 


18.18 


880 


129 


22.28 


1.087 


1206.99 


.806 




12.18 


880 


124 


21.96 


1.010 


1216.17 


.7886 



96 
Oates OurtlB, Ogdensburg. N. T. 



OUBTia TUBBINB. 




^ 



leuieBo 
T 


<t03 


buth.. «.In.ld<,Eeg«f.r 
1 4T-i]ich wheel. 




«-. 


^ 


-- 


»,. 


r.l,t. 


,0. 


r.«^a..; ■ 


11 


'S8 


P 


11 


al 


i 



Mr. Carlla alas nukea the wheel wllh OT 




97 
Penr Turbine. 

Parrjr A Taylop, BHdgton, Maine. 




giuniUH tha raralu fDnilalieil ■! «» 


h Mk. 






' 


SiVt- 1. IMT. 


Held. 






f«l. 


C^"t 


Whole GMs 


isiis 


211 

274 
303.7 


S.1B 


MM.W 

aooiss 

29B.29 


.i2M 








13-23 
13.31 


2S1 
280^5 


S,M 


1H,31 
















1 .78 

1.7« 


161 




iioiao 






.8280 


;; ;; 


Kii 




.834S 




1 .M 

IS 

1 M 


IWJl 

isi.s 


iM 


,S:S 

M4.B6 












» " :;::::::::::;: 


J»ST 

Aaa 



O. O. MaUi):in. Lansing, Iowa. 







Bu 


Jieueu 


ID line 


8, (bird 


«it. 


crown plite, and fillini bora o( curb, 
(The flnt U,\ l.i M oAh. Uble. ii at 
whole Etile ; the olbcni »t pari rM<0 
Tba tbIlowLngr reaulu were obuioed. 


18.23 
18;m 


3«' 




2-i-8 

am 




«2M 

Bolso 


'.im 










'I.™ 


18,H 




i«;7i 


980,36 
6U.W 


.7960 
.B6M 






ao-i 

Hud. 


whwhc 
B*r, 


1,bucl> 
ILP. 


laonlin 
Cub. ft. 


Pet'lfrt 


Mm 




lB9',i 
193' 


js;97 

KM 


loai 


.7834 
.7831 
.77*0 

AW 


The oeil trill w» wllh a *t.li.oh 
WhMl, with bucketa of dlffsrent cune 
or pitch from thoae of the lg.inch. 


Buckota chipped Co Hue 3, re-teited. 




Be.. 1 H. P. 


I,-ub,n,ll'*rt(e 






fisr. 






KM 


1U 

125 




IMM 


:e353 

.MM 








ih'm 


1 


BT.IT 

ib:83 


1318 
*81 
BM 

M9 


.BMt 
.78« 


The bucket] wen then cut awaj to 
Hoe diarfcf d 3, and agaio te.ted. 


Bncketa of IS-luch cbippEd to line 1, and 

again t««d. 






U.P. 


Cub.K, 


PefCBC 










Per'W. 


i.oa 

8.0T 


Ii 




33!S 

SOU 

J3I0 


.0400 


8ta 
sea 

8.88 


1T2J 


39 !» 
17.88 


118B.8T 

93«It» 

J».08 
4»8.8< 


.73SS 
.7»8» 

!u8r 



O. B. Walsh's Double Turbine, Waupaca, Wis 




T«tof 


■ %-iiich wheel. 


Ttiior 


■ IS-ineb whet). 












B«T. 




Uub ft. EVt O. 


1801 


IM 




2239 


'mo 




m'* 


•■« 


M8 






























13H 






SM 




&4G 















































a Whaal, nptwin MucIitiiA Co., Clsremont, N. H. 

leH of k Sftjuch, Sopt. IT, IST3. 





Hud. 


WtlKht. 


2s,k:' 


H.P. 


Cubic 


<a 




is.m 


810 

•60 

S20 


i«.( 


«L40 

Bo,e« 

go .SI 


1Tm'c3 










.SKO 






Dcli, Sept. U, UTO. 




iB.n 
ii.'»a 


IM 
N 


SOT HIS 


4Xt.M 












•■ 


aM.6 


IM 


.MM 



du» whtid, basket. h>rin« b«ii cUpp«d. 












u 1 SU.S 1 {..XI 1 !ti3 IS 1 .un 


TMof.U 


IimA, Oct. 3. int. 



Thais Que. .. 



1B.S4 I tao I 



, 13.W uija .SMO 



ai^i buckets h&TlDf been chipped. 



JSittr::::::: 


:-:::::::l ilS 1 S 1 ^:t 


3TJI1 


iat.ta 






.«no 











IS 


100 


S3.5 


4aM asoiM 
ii.00 imj» 




ss^^::v.\::^:^. 


-« 
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Asneriaaa Torbine. 
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Btoat, Mills & Temple, Dayton, Ohio. 



Test of a 86.inch Dayton wheel, Not. 20, 1872. 





Head. 


Weight. 


Rev.per 
Min. 


Horse 
Power. 


Cabic 
feet. 

1780.14 

1350.02 

1123.76 

888.29 


Per 
Genu 


Whole Gate 


19.00 
19.11 
19.21 
19.30 


750 
615 
6U0 
350 


144 
140.8 
139.7 
146 5 


49.09 
39.22 
81.44 
23.31 


.768 


PArtCrftte........... 


.804 


«« «( ^ ,,.,... 


.770 


•1 II ^ 


.719 





Noyember 18, 1873, 36>inch wheeL 






Whole (latc 


18.26 
ISM 
18.46 
18.66 


630 
600 
460 
290 


146.5 
137.5 
148 
137.5 


42.01 
87.50 
80.27 
18.12 


1626.77 

1440.20 

1174.92 

790.88 


.7503 


Part Gate 


.7501 


i« (1 ,««•....,. 


.7400 


•I M , 


.6496 



Jane 11, 1873, 48.inch wheel. 



Whole Gate 


18.10 
18.18 
18.41 
18.60 
18 86 


1580 

1320 

1180 

880 

640 


107.7 

109 

109.5 

108.2 

108.7 


99.86 
87.20 
74.99 
67.71 
42.16 


8514.90 
8068.46 
2647.48 
2200.89 
1772.46 


.8314 


Part Gate 


.8280 


II II ,, 


.8149 


II ii , , , 


.7467 


<t «i ,^,, , 


.6964 



Test of 48-lnch, Jannary 29, 1874. 



Whole Gate, 
Part Gate,... 

•I K 



II 



II 



17 65 


1320 


107.8 


86 24 


8418.11 


17.66 


1100 


110.3 


73.53 


3010.79 


17.76 


960 


104 


60.61 


2594.01 


18.16 


500 


106 


32.12 


1600.47 



.7698 
.7316 
.6948 
.6548 



Septemb r 29, 1873, 42.inch right hand. 



Wholn Gate, 
Part Gate,... 



II 
<i 



II 



17.93 


1200 


112.5 


61.86 


2569.85 


17.98 


990 


118.5 


63.32 


2218^ 


18.30 


650 


120 


85.45 


1452.72 


18.45 


440 


119.5 


23.90 


1213.58 



October 1, 1873 , 424och, left hand. 



November 11, 1873. 254nch wheel. 



.7095 
.7094 
.7065 
.6666 



Whole Gate 


17.90 
18.00 
18.13 
18.43 


1100 
980 
820 
420 


118 
120 
121 
116.5 


59.00 
53.45 
45.10 
22.24 


2536.02 
2275.17 
1918.04 
1160.60 


.6882 


Purt Gate 


.6946 


II ii ...••• . . 


.6884 


II •• 


.5479 



Whole Gate, 

Part Gate,... 
•I 11 - - 



«t 



•I 



18 23 


300 


212 


28.91 


1158.24 


18.30 


260 


207 


24.46 


983.53 


18.39 


220 


205 


20.16 


880.49 


18.60 


110 


208 


10 40 


655.69 



.7244 
.7185 
.6565 
.6323 



November 12, 


1873. 20.inch wheel. 






Whole Gate, 

Part Gate,-. 

«• »i ^ ,,,, 


18.85 
18.55 
18.63 
18.77 


130 

110 

90 

50 


253.5 
243 
244 
225.6 


14.97 

12.15 

9.98 

5.13 


606.54 
528.65 
448.93 
285.15 


.6988 
.6586 
.6813 


ti It ,,,,, , 


.6072 



102 
Collins' Wheel, 



Mmnuftiatuicd by J. P. ColUtw A Co., Mamvioh, CMUk 




[Fbok kt FodbtH Airmub BMron.] 

la local In npatMloaudonlT nude tonrckr. A il-incli, bw* buckets hImIj 
floiBbed whpel In ■ curb nimilu Iq the >bav« wu rem lo me to be teetrd. Tha 
letideTiLftiedthBt feoo, had been paid for it and tbat Mi. CdIIIds bad anld il h 
thsTtrxbpBl he could make. Mr.Ci'Uinswu noUiied of thematter wi,h tbs 
time flied for tbe trlaJ. Two d&ye in idTanca he put In sii appearance, Terf 

Slea-imly remarklDg : " I aclcnoicUdge Iht righto/ tvny punllaitr lo aii'riiiln 
•lactuullriiUthevabftofanii wheti purc\ofd ^'^ he farther nUtrd.lbul he 









had brought hi ^ ,._ -„--, 

Kn.. .UK mpanled by lie'ri "three ar'fo'ur appraise n. and olbei appunenancea of 
I, itepptd in with a writ of replevin a>id demanded the wbeel. As I knew 
purchaser had oDered to «ll It fui ■ third of lis price, I Ihaughl It an excel. 
leut aale, and. of eoune, made no nnnecessar/ objectioaii. but recalled to Ilr. 
Ca]Unsh1siicknowle(l;ementDrth''ri|;bcorpurehMer, to ascertain (heTalneof 



tbe !>!», sti 



a nuber intereBling point K 



I all. 01 



Soooess Turbine, 8. M. Smith, York, Pa. 



4 



tuted HvenJ timu ; lint u 1[ cwns lo the flniiK, thta 
iC wu Uken to nu^dnB ahop, put in proper coud^ 
tioo and aKain teated. 



HMd. 


fflght. 


^i" 


H.P. 


IhL 


Cent. 


18.M 


330 

140 

US 


lOT 
198 

1W.T 


S9.M 
ST .00 

is:*! 


i<«i 

m 


!»85S 


BeeondTe 


lofMDi 


«. 




H«l. 


W''«*'-IS« 


B. P. 


fteU 


Cf«. 


B.30 


140 


Kfl.T 
KX.6 

202. S 


sa:i6 

20 2S 


10« 


.8110 
."l80« 



Bolliiiffer Turbine, O. J. BolUncrer, Tork, Fa. 




Bead. IWdghC 




H.P. 




Cent. 


TholeCM 

Futtiau, 


18 SI 

18:40 
18.68 


i 


19J,S 
1B3.B 


S2.4& 
28 .BT 

14:07 


11 


.T0S4 
.1042 
.SSIT 



DelphoB Turbine, Delphos, Ohio. 



^Hsr 





Test or ■ 24- 


inch Wheel. 




Head. 


Weight. 


204 


H.P. 


Cobic 
80B.I8 


Cent. 


liM 


sios 


.YTHl 
13682 



Another 24-inch Wheel. 





Bead. 


Weight. 


mlpoU. 


H.F. 


Cnble 
(eet. 


ci 


Whole Qal 

Part Gate 


18.38 
18.42 

ieji« 


no 


240.0 

asa 

240,6 


10.04 
12.00 


tsoIm 


.0488 
.4026 




cft of a Se-lnch Wheel. 




Uead. 


Wrfgbt 


Ker.per 


U.P. 


Cable 
reeL 


Cent. 


WlKileGate 

PwtGaie 


IS.18 
18.26 

1!:^ 


)20 


r,r 


66.08 
40 22 

b:24 


J4SS:77 


.I860 
.0663 

.2640 



National Water Wheel Co., Bristol, Oonn. 



J. T. OASB WHDSL. 

Mads with alrtun ehntn, 
■ >rn m cm. Th 




'oM°.X regis"" 

— , deilrcd, in order 

■taanh, oDc-biU', itme-lDunbi or 

hlrgc idymlagcounlj. The wheel 

id downward djvcDirg?, ai.d ii 

like ibL' bwaln, bal Id rrslilj hu 

oceCMiiUBbPel. The Comi.inT 

It a doivn dlSerent whnli Inted 

the rnulH mity tw fulind below 

leil pa«e- The " part (tatei - rerolo- 

Ihoeo that fnve the bl(;hett reialU. 

Test ot 30.1ndi, Aos- U, ini. 



|H... 


*"B"'|^rnr' 


Uorse Cubic 
Power. Feel. 


Cent. 


WholsOWe 

Hehuiee opened. 

8 chutfi opened, 


18.41 
18.78 


160 


1M.S 


10:53 &S8:h 
4.M 830.80 


i 


Ten 


ar2n-lDC 


h,AuKU«ffl,M7I. 


12 chulas opened 


19 03 
1S.SS 

18.80 


30 340 

s \ s.. 


3.3B 
10.30 

ij.er 


21S.M 

492.M 


,71a 


ADMher avinch. la umo curb, but with different aht^d boekou. 


inioleQat 

4 chnut opened 

iaoh"t«S?^Sed;:::::: 


1S.8« 
18,70 


130 


248.» 
2S2 


ii.m 




,880 

.aoa 


Aaotber W-lnc 


h, different from 


heathen, aameeurb. 




18,61 IM 1 842.S 1 17.08 1 tW.90 
18.81 110 1M.9 11.42 Ht.Sl 
1S,9& T5 247 8.M 38«J> 

19.12 Si Ma.B 2.76 iw.ai 




12 ch>ite« opened 

8 cbnte. opened 


Ma 


Another wheel in ■ 








i!:H 


40 248 


*:bi isiis 




"chuMf opened;;":;;: 

4 cbnte* opened, 


:4»4 

,321 


Teitora24.lnch wh 


p1 In shape like tbe Hon.lon, Sept. 27. 1872 






12:43 








eBB.47 




fSS'.;-.-.-.-;;:;-. ::::::: 

Head Reduced. Whole (iate. 


Mi 
.4M 


Anoth 


eroftheumekindandahape. 






\IZ 1 m 1 m.6 1 ":« 1 mil 




Head B«lu<!e<l,wWe Bate, 


JS9 


Terto 


a 40.1nch. January 21at, 1973. 










32.31 

11,5* 






schuueapcned;;;;;:;; 


NM 




,310 



J. T. CASE WHEEL. 



N0.0flMt. 


HMd. 


Wtl^t 


£. 


Po™. 


■Wrir. 


« 


(^t 


TniotoOate, ■-. 


1 SI 


600 


17* 


4742 


.ate 


2088.74 


.680 






626 


178 


6o!ie 






.72a 




I .78 


660 


168.6 


48.78 


064 


aoaiiao 


.71* 






676 


166 




.067 


2070 81 


.721 


'■ '.'.'. 






1B2.6 


61 JO 






.787 




1 .70 


TSS 


160 


62.72 






.74T 




] .« 


750 


16T 


68.62 




2m;io 


.764 








m 




.080 


2140.08 


.764 




1 .68 






66.68 


.064 




.778 




1 .01 


826 


160 


66.26 


.088 




.781 




1 .K 


960 


lie 




.068 




.788 










67.37 






.798 




1 60 


900 




66 00 


:098 


213S!26 


.m 




1 .68 


036 


182 




.100 


2200.36 


.T6B 




1 68 




m 


6811 


.101 


2313.48 


.133 


HMd Rtdocwl. 
















VboliOMeJT... 


13.1S 


660 


111 


83.70 


.073 


826.86 


.781 


•^^t... 


1 ,1* 


626 




88.24 


.070 




.796 


« «... 


12.U 


600 


116.6 


12.82 


.968 


Bu'ia 


.m 


"4 *■■' 


1 .17 


676 


122.6 




.see 


806.47 


.771 




1 .16 








.860 




.784 


" »::: 


U.U 


686 


116 


sii» 


.»J3 


826:88 


.793 


HMd Rgdictd. 
















VtioloCtateM... 


6 74 


360 


84 


iSM 


.803 


1861,80 


.770 


" as... 




860 


60.8 


18.33 


.BnS 


1864.61 


.766 


" as... 




870 






.806 




.749 


" 87... 


8^78 


8« 


88' 


]b'3> 


.801 


isBo'sa 


.766 


" M... 


B.76 


sao 


BT 


18.06 


.BOO 


1866.78 


.764 


P.rtQ«te. 
















Up'Uop'n.BO... 


1T.M 


BOO 


iaa.6 




.944 


17*8.96 


.820 


B " " 31... 


IBM 


«n 


134 




.730 


1178.98 


.609 


B " " 82... 




860 


143 






1129.28 




B " " as... 


18.83 




120 


27.27 




1221.74 


!e4e 


4 '■ " »4... 


13M 


160 


188 


e.48 


il3 


670.49 


m 



Te.(of501iicl,,Au«.187S. 


Had. 


if«'(ti>t.[25;£'/ 


P™Tr. 


Feet. 


Cent, 


Tl»la_a.te 


16.3S 
16.37 


600 

m 


11 

9 ' 


103.M 
lllijO 


vnn.K 
main 


:7!66 
J416 


;; 






At nnionFllle, Conn., Flati 
tba1Ueit>tTleNulan..lTheelii ltw< 
■a extnordiniiTilr eviniriwniil In thi 



106 
Anffe]! Wheel, Providenoe, B. L 



0onble disduurgc, gates similar to I>ffel| though each altemate piece formfaig 
tide of chutes is stationarr, as r ptcseotcd in the diagram. Backets bolted to 
bub of wheel* and often shear off. 




TBflT OF A 8tf-INCH 


WHSKIm 








Ko. of Test. 


Head 


Weight. 


R^T.pcr 
Alin. 


Ilorse 
Power 


Cnbie 
feet. 


Per 
Cent. 


May » 1873, Whole Gate 

fi Gate. 


17.96 
1812 
18.29 
18.47 
18.48 


880 
790 
650 
475 
870 


147.3 

143 

145.5 

140 

142 


68.92 
61.35 
42.99 
80.22 
23.85 


2328.86 
2052.24 
1760.51 
1862.77 
1179.99 


.7451 

.7305 
.706S 


y% x«»i^^«««» ••••••••••••••• • 


2 - ."•;;."•;;.::::::::: 


.6n6« 
.5786 



A 80-INCH WHEEL BENT TO BB TESTED. 



No. of Test. 



KoT. 8, Whole Gate,, 
^tf Gate, 



«« 



r.i6 «• 



Head. 


Weight. 


Rer.pcr 
Min. 


Horse 
Power. 


Cabic 
feet. 


18.27 
18.31 
18.46 
18.54 
18.65 


620 
490 
880 
270 
190 


184 
184 
182.5 
187 
184 5 


43.50 
40.98 
81.69 
22.95 
14.25 


1475.36 

1398.86 

1094.11 

902.17 

677.88 



Per 

CenU 



.8539 
.8465 
.8114 
.7260 
.5968 



On report of resnlt", a wheel of the same size and made in same lot was sold 
to Otto Troost, of Wiiioua, Minn., sent to me to be tested for yerification. 
Kesnlts are here given. 



Ko. of Test 


Head. 


Weight. 


Rerper 
Min. 


Horse 
Power. 


Cubic 
feet. 


Per 
Cent. 


Dec. 15, Whole Gate, 

«< 

<• 

«< 


18.40 
18.43 
18.42 
18.47 


620 
600 
480 
550 


176.6 
180 6 
186.5 
167 


41.74 
41.04 
40.66 
41.11 


1583.40 
1575.21 
1564.21 
1616.24 


.7579 
.7479 
.7465 
.7285 



Of coarse the wheel was rejected ; then the wheel tested, Nov. 8, was repur. 
chased by the Angell Company, and returned to fiU the order. It was placed in 
the flume, and found to run so hard, tliat I at once refused to test it until put in 
order ; i t was taken out and reset some five or six times, but could never be got 
In condition to run, so that it would not reqnire thirty or forty pounds to start it, 
where ten fchonld have done so, and the wheel was retomed to the shop for 
Inspection. 



jBniurj 11, 1SI1, ■ U Inch wKhI ■ 
LeS^I, when U IciUI SO |,er teat, rtt 
to be Ualed. and gare 111* [)>ll<iwiDg 



.__aald cKAdlUoaillj' to Ukii tha plMsof K 
ir*^ uieAil effect mu reqnind; kwuKot 



No.orTe.t. 


Bad. 


Wdght. 


\T' 


P°r. 


Cnbic 
feet. 


per 


SSa"::::::;;:;::::::: 


17. lU 
17 88 

18;«i 


600 




M.BO 


8802.J0 


:™« 










■' 


.«e4T 



ra«T oi- 1 W-iHCH wmt 


L.4T1-1TC 


Bme. MAS 


„jm.Ta.ia;2. 


Held in 
Feet. 


Weir. 


Kr 


Weight. 


Pow"r. 


Cubic ft. 
Dlscbiirs'd 


Peroenl- 


ii,8o 

2183 
T*bUdrM 


11.18 
>.siUDeh» 


d, 280 


aao 


38.38 
BOM 


■bout 


.BB98 
.3603 



Fleaniken Brothers, Rockford, 111. 






Head. 


Weight. 


S5 

31S 
280 


Powet^ 
12.88 


Jtect^ 

6ai'« 
mro 

278.11 


Cent. 


Whole Gate 

PutGmte 


ie.sT 
i8:7i 
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w 

80 

ao 


!70» 











Gardiner Oox, Bllsworth, N. T: 






T. H. Bisdon & Oo., Mount H0U7, N. J. 
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Hod. 


Wd^t. 


R«.p«rmto. 
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E«T. 


Hor» 
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Cent. 
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: 18.Sfi 
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30 
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40 
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60 
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46 
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90 
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T. H. Bisdon & Co., Mount H0U7, N. J. 



R IS DON'S VTHESt. 
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WholBfiae, 
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633.33 


;ti« 



Tyler's New Scroll Wheel. 




fierolt wheel* *n pu n; nwii; Mill bei« 4n mu j pboi yet when ther our 
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Till* whpel wu kept m ■ umple wheel ; iu gale nisei 13} Incbge ; the open. 
Ins to eeniU being 13lil2, wbile the openings In wheel equilled £18 eqiure 
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wlih the ordinary care. 
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lylBT'B Flume 'Wheel and Curb. 



John Tyler, Cl>Femont, N. H. 

TUi enb hw m intide nultter gur, one ddc of each eboM hUng cuttn 
chule Am ', tht otber p^rt li bolted to the resliter hoop oi ^te, Th« irheel U 
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A. N. WolTs Tarbine. 



Uanutaoturad by B«rbM A Bona, AII«ntown. P«. 




ThB lint Wotr wheels aent to be teated gm-n ezaedltig good reaulu aAd nere 
reported Mcordiaglr, which uiued miuiuActurera to order olhen; u Ihese 
vera sent to be tested (he; were found to be not onlj leu effldent, bat aJto not 
well nude, ThB W-incb wheel reported onsext pige wu ordered (or the Newlon 
A Romiige Paper Co. al BolTOke ; 11 wu iO poarlf nwde thst vbUe buidliug k In 
order to tower it Into tenln)i flame It ctme i^ut kud the wheel dropped to (lie 
boltom; It wu lent to maeblne ihep ajidpnt Into Dmch better condllion tbaa 
when Orat recelTed. The edgea of the buckeU were left by the builden aqiure, 
TUTiog lathicbiieai from one.bmlf to three-foDctha of ui Inch; thesB were par. 
tlallj rounded, then the wheel wu teeled, glilng the reaalta rrported. Mr. 
Wolf louk the wheel out imd chipped the bucket! to an edge, made It ran euier 
then had It teated again, obtBiuing the reanlli reported of second U-lnch wheeL 
Id examining the wheel and curb I found tbecullDgIa be ao thin uto be hardly 
■afe for the preuure of the :!* feet head fOr whieh It wu ordered ; the crown 
plate or corer waa Are feet In diameter. Ilr. Barber inaisled that It wu three. 
fourtht nf *d Inch In Ihlekneaa, but on drtlUng through, U was tbnnd to bo 
but three^ghtht ; It wu njected. 
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Test of 24-iiich. Multiply reTolutions of wheel by 10 to get speed for comput- 
ing power. 





Head. 


Weight. 


Rev.per 
Min. 


Horse 
Power. 


Cubic 
feet. 


Per 

Cent. 


Whole Gate 


18.21 
18.29 
18 41 
18.55 
18.69 


425 
400 
325 
250 
150 


255.3 

240 

247.5 

249 

234.5 


32.87 
29.09 
24.37 
18.86 
10.65 


1134.57 

1002.07 

853.76 

673.63 

445.86 


.8436 


Part Gate, 

«« «( 


.8416 
.8202 


(f <i 


.8008 


U 1* 


.6777 



Test of a second 24-iiich. Multiply revolutions by 10. 



Whole Gate, 
Part Gate,... 

MM. 



M 



If 



18.45 


420 


255 


32.45 


1166.27 


18.50 


350 


252 


26.72 


1004.33 


18.55 


300 


250 


22.72 


884.27 


18.73 


175 


251.5 


1333 


628.87 


18.83 


80 


248 


6.01 


445.39 



Test of a third 21-inch. Multiply revolutions by 15. 



Whole Gate. 
Part Gate,.. 



it 



«< 
it 



18.23 


280 


253.5 


32.26 


1164.28 


18.32 


220 


262.2 


26.22 


100140 


18.41 


190 


261.5 


22 53 


891.93 


18.47 


, 150 


262.5 


17.89 


755.83 



.7997 
.7626 
.7374 
.6001 
.3018 



.807 
.757 
.7275 
.6796 



Test of a fourth 24.inch. 



Whole Grate 


18 20 
18.24 
18.38 
18.45 
18.70 


300 
270 
220 
170 
75 


245 

243 

241 

251.3 

235.5 


33.40 
29M 
24.10 
19.41 
8.92 


1183.46 

1093.77 

922.11 

791.52 

470.67 


.8206 


Part Gate 


.7910 


«« «« ,, 


.7700 


•• «< ,^ , , 


.7083 


(f «« 


.5376 







Test of a 30-inch. Multiply revolutions by 15. 



Whole Gate, 
Pan: Gate,... 



u 



«« 
« 



17.86 


500 


183.5 


41.70 


1647J4 


18.01 


435 


182.5 


36.08 


1325.98 


18.06 


400 


180.5 


32.81 


123).06 


18 43 


230 


182 5 


19.07 


819.71 



.8000 
.8011 
.7814 
.6850 



Test of a 36>inch. Multiply revolutions by 15. 



Whole Gate,. 
Part Gate,... 

M <l 



M 



«« 
<« 



18.03 


825 


160.7 


60.26 


2808.08 


18.02 


825 


161.5 


60.25 


22^8.75 


18.12 


700 


160 


50.91 


1958.80 


18.27 


550 


149 


37.25 


1507.43 


18.49 


300 


157.2 


21.42 


983.49 



.7665 
.7699 
.7594 
.7161 
.6228 



Whole Gi^ 
Part Gate,... 



Test of a 18.inch Multiply revolutions by 10. 



« 

(( 



II 
11 

l< 



18.38 


165 


304 


15.20 


679.07 


18.50 


160 


287 


13.91 


617.71 


18.55 


135 


291.5 


11.02 


454.00 


18.59 


105 


267 


9.30 


357.42 


18.61 


80 


315 


7.63 


338.38 



.7574 
.7702 
.7506 
.7425 
.6426 



Test of a 48.iiich. 



Sent to machine shop for alterations. Multiply revolutions 
by 20. 



Whole Gate, 

Part Gate,... 
II II 



17.47 


1525 


90 


83.18 


3618.81 


17.65 


1000 


121 


73.38 


3110.36 


18.01 


600 


111.6 


40.54 


2127.43 



.6082 
.7088 
.5615 



Test of the 48 a second time. Bejected by intended purchaser. 



Whole Gate, 

Part Gate,... 
tt II . . 



II 



II 
II 



17 60 


1300 


117 


9218 


8640.50 


17.71 


1150 


117 


8154 


3263.49 


17.80 


1050 


118 


75.09 


2953.76 


17.94 


875 


117.3 


62.20 


2566.52 


18.17 


700 


114.3 


48.49 


2112.31 



.7630 
.7482 
.7562 
.7165 
.6701 



Test of a 54.inch. Rejected by intended purchaser. Multiply revolutions by 20 



Whole Gate 


17.24 
17.42 
17.78 


1700 
1600 
1000 


112.6 
106.3 
112 


116.01 

103.07 

67.87 


4841.07 
4201.41 
8107.68 


.7378 


Part Gate 


.7460 


II II ^^ 


.6686 



Olark & Chapman, Turner's Falls, Maas. 
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Wm. P. Mosaer & Co., Allentown, Pa. 
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"Bxoelslor," Roland, Benedict & Co., Reading, Pa. 
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Holyoke Machine Company, Holyoke, Mass. 

This company build the Bo3'den and Hercules turbines, the latter invented by 
John B. McCormick, of Brookville, Pa. Of the former, it is unnecessary to say 
anything here, as its merits are given on several other pages of this work. 

THE HEBCULES. 

In March, 1876, several of the above named wheels, 24 inches in diameter, 
each differing somewhat from the others, were brought to Holyoke to be tested. 
All gave remarkable results : one, 87 per cent, useful effect, and a power so 
extraordinary that the wheel was taken up and examined. A few changes were 
made, then it was reset and again tested, when the following results were 
obtained : 



Grate Opened 



Whole Gate, 
II II 

Fart Gate, . 
II II 

II II 

i< i< 

II II 

II II 

II II 



Head 


Rev per 
minute 


Horse 
Power 


Cubic 
Feet 


18.02 


217 


70.68 


2478.60 


18.04 


206 


70.62 


2466.04 


18.06 


214 


70.03 


2391.04 


18.17 


214.6 


64.36 


2167.29 


18.23 


213.6 


61.06 


2083.25 


18.26 


212 


57.81 


1944.50 


18.34 


210 


63.46 


1820.13 


18.38 


209.5 


48.56 


1690.89 


18.57 


211 


82.12 


1250.60 



Per 
Cent 

.8361 
.8386 
.8579 
.8644 
.8922 
.8612 
.8470 
.8267 
.7291 



As high useful effect at whole gate had been obtained by several builders, but 
no BVLch average at all stages of gate opening. In capaaty, however, the Her- 
cules took a stand so entirely above that of any turbine, ever before produced, 
that it seemed a good starting point for bringing all builders into harmony for 
their own and the public good. I immediately opened a correspondence with 
the best builders of the country, urging the abandonment of inferior wheels and 
the advantage of uniting upon the plans of the Hercules^ paying the patentees a 



small royal^, and each builder striving to excel. The idea was' favorably 
received. In the meantime the patentees hastilv disposed of their right to build 
for Uie Western States. This, of course, endea the chance for a union of buUd- 
era. The contract, however, was soon canceled ; then the patentees offered the 
Holyoke Madilne Company certain exclusive rights in their patent. I opposed 
the negotiations, because I believed then, and continue to believe, that it would 
be better for all to have a union of the best builders, instead of a continuance of 
the ruinous competition of the past upon inferior plans, which only serves to 
hinder the perfection of the best. Turbine building is not sufficiently under- 
stood to allow of its being considered a science ; it is simply " cut and try." I 
know of no builder that with certainty can make two turbines that will give the 
same results, even made from the same pattern. Until that can be done, the 
manufacturing interest must suffer, unless manufacturers use the g^atest 
care in the selection of turbines. What is almost invariably needed, is a wheel 
that will economize water at any stage of g^te opening, so that either the abund' 
ance of the spring and fall months, or the scarcer quantity of summer, may be 
utilized in full. To do this, turbine builders must be able to produce turbines 
that will give their best percentage at cither one-half, five-eightns, three-fourths, 
seven-eighths, or whole gate, as may best adapt each for the place where it is to 
be used. Such a wheel should be good at any stage of gate opening, and when 
such can be produced with certainty, then turbine building may properly be 
considered a science and not before, for such wheels are possible. Our nvers 
and streams are all extremely variable in supply of water — ^that of the Bvanr 
mer months often being less than one-fourth of what it is for the rest of the 
year; and three-fourths of the larger Quantity is almost invariably allowed to 
run to waste, because wheels of sufficient capacity to utilize the maximum 
have generally proved to be incapable of transmitting any power from the use 
of the minimum supply. 

I have tested about eighty of these wheels, and, as may be seen by the dia- 
grams, Uie variations have been great, and there are no good reasons for believing 
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1 




what 1> required, mid wt will tend an eDRineer al Ihe eipe nee of the purchuer, 


able iDKtriinienu when deemed ncceesKry, Heeertiiia Ihe qutnllt]> of water avail- 




























•■NoremherM. 18;s." 





en, anied an abandonineat at the Che pUn tuneiled 1 
wheel* art Mnt away without anj' knowledge of tlieb' et 



D. P. Blackstone's Wheel, Berlin, Wis. 




. — 1 baa been teated In the Slnur curb Teprewattd abore : 
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leMnLeftlcur 










Bead. 


Weight 


S£' 
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'■ 


.S3H 
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Victor Turbine. 




Stilwell & Bierce Hanufaoturlng Co., 

DAYTON, OHIO. 




AinuTbeK 
karinn hM f««r , , 

Ir ihipcd buck'ti muTbe/ruiHl or evtlnlo Ihs nma ■ i lui- -uccp. ■» uioj 
be dHDMl adTiuble. lu nptntj for lu diunclrr, m be failf miUud, miul b« 

hen d«^ noDiton ind Lfffcl A (.'a., ta^ dtfatd to cniulra>t irlKcli o^ 
UiDH gf U7 oUui ia4k(, tud in loiifior 
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of their daiinSi published tables at least fully up to the capadtj of their wheels, 
the tables of Swain aoid Houston being computed upon a supposd uselul effect 




test horewith annexed, under 18.34 head, actnaUj gave a9.M h. p , and a ustfol 
off >ct of .8808 per cent. 

There can be no question but what the Victor, with the exception of the Her* 
oules, has taken a position in advance of all other turbines— uot because the same 
efficiency of useful effect may not be obtiiined by other wheels, but because at 
the same cost no other wheel can be made to transmit the same amount of power, 
lustead of acting tho part of Mrs. Partington in opposing the inevitable, it will 
bo Well f jr turbme builders to accept the fact and strive to do siill better, for the 
turbine is a long way from beiug tho perfect enn.ie it may be made. The tests 
will show that Mr. btilwell has steadily improred, showing couduivelj that the 
wild variations of other builders are owinj; to the lack of settled plans. At part 
g<Ato the Victor is ab >ut as good as the average, but it would be well for Mr. 8til- 
well to trv a tliinner shell next his wheel so tnat the gate opening mav be as near 
a 4 possible to the wheel. Ttiesuggesilon will be best understood by observiuffthe 
fillmg of a bottli!, or what is better, the filling of a canal through a small Head 
gate, where the river m-iv be several feet his/her than the surface of the canal; 
yet the power due that difference is used up by passing through the small head 
gate, or in the inertia of the water in the canal, so that the part vate efficiency 
of a wheel must be somewhat la proportion to the si20 of the chamber inside 
of the gate. 





Test of a 25.inch wheel, July 25, 1877. 








Head. 


Weight. 

625 
600 
500 


Bevolu- 
tions. 


Horse 
Power. 

56.81 
64.('0 
47.27 


Cubic ft. 

2214.55 

2208.44 
1964.67 


Percent* 
age. 


Whole Gate,. .. 

Part Gate 

*i «« 


18.07 
18.04 
18.13 


200 
198 
208 


.7538 
.7192 
.7042 



Test of a 20.inch wheel, July 26, 1877. 





Head. 


Weight. 


Bevolu> 
tioiis. 

246 
260 
246 
246 


Horse 
Power. 


Cubic ft. 


Percent* 
age. 


Whole Gate,.... 

Part Gate, 

t< (• 

(« «« 


18.33 
18.41 
18.43 
.7.97 


500 

425 

890 

75 


87.27 

34.64 

29.07 

5.59 


1887.27 

1284.30 

1145.59 

757.93 


.7777 
.7774 
.7306 
.4911 



Test of a 20-inch wheel, Feb. 21, 1878. 



Whole Gate, . . 

Part Gate, . . . . 
i( •« 

<« <i 



Head. 



18.01 
18.08 
18.28 
18.40 
18.58 



Weight. 



480 
415 
310 
240 
100 



lievolU' 
tions. 



266.5 

265 

266 

263 

271.5 



Horse 
Power. 



38.76 
33.32 
24.98 
19.12 
8.33 



Cubic ft. 



1362.39 

124203 

1014.03 

870.79 

602.23 



Percent* 
age. 



.8368 
.7858 
.7134 
.6310 
.3941 





Test of a IS-inch wheel, March 26, 1878 


• 






Head. 

18.34 
18.10 
18.39 
18.74 


Weight. 


Be volu- 
tions. 


Horse 
Power. 


Cubic ft. 


Percent- 
age. 


WiioleGate,. .. 

Part Gate, 

II «i 

«t «i 


300 
300 
160 
100 


323 
321.5 
326.5 
320 


29.36 

29.22 

15 83 

9.09 


974 
970 
755 
492 


.8705 
.8808 
.6035 
.5220 





Tcit 
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ol * 2S-lach wheel, Oct. M, ISTt. 






1 Hcmd. 


Weight. 


BeTolo- 

tlglK. 


s;. 


cubic ft. 


•g«. 


Whole G.te,... 
P1UIG.IB 


i 


«*0 


1 




ii 


.8038 
.MM 





Held. 


WeiKht. 


lioQ.. Pomr. 


Cui>icn. 


<««■ 


Whole OMa,... 
P«rtU.le. 


\\M 


8<M 
806 
300 


Mils saisi 


i«M!a« 


1 



BoUpae Double Turbine, Manufaocurod by tbe same Co. 
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Humphrey Turbine. 



Manufactured by the Humphrey Machine Co.j Keene, N. H, 

Of all the turbine builders extant, perhaps exeeptin? J. P. Collins of Norwich, 
Ct., there is no oth -r probably that can be uamL-d, so immensely scientific aod so 
boiliug over with theories as is Mr. Humphrej. The tests below will aiii the 
ruaJer to judge whether such theories are practically beneficial. In pla<ing the 
21-iQch wheel reported below, a Collins' brass bucket wlieel was removed, and 
advantageously so, 1 believe, it was admitted. The Humphrey wheel has down- 
ward and outward dL>chargc, register gate. Tests of three of the wheels 
fir Hawitser A Brother, btatford Springs, Conn., Nov. 1878. These wheels 
wiire manufactured, fitted for their posit! ins, set by the Humphrey Machine Co., 
and have been in u.^e but a f -w months. A wi'ir was constructed for each of 
the wheels. These weirs wt-re of less capacity than desirable, but if there were 
any errors in measurements throujrh this hick of capacity, such erroi-s would be 
entirely in fkvor of the wheels. Kach wheel was thorou^^hly cleaned, previous 
to its test. 





Test of 42-inch wheel, Nov. 13, 1878. 








Head. 


Weight. 


Bev. 


Uorse 
Power. 


Weir. 


Cubic 
Feet. 


Per- 

centage 


Whole Gktte, 

«« 

Part Gate 


5.00 
5.00 
5.30 
5.45 


375 
400 
225 
325 


68 
64 
62.5 
65 


7.72 
7.75 
4.26 
6.40 


1.005 

1.000 

.755 

.870 


1167.34 

1167.34 

766 65 

944.59 


.7000 
.7020 
•555 


II 


.6582 



Test of 24- inch wheel, Nov. 15, 1878. 



Whole Gate, 
II 

i( 

II 

Fart Gate, .. 
II 



Head. 


Weight. 


Bey. 


Horse 
Power. 


Weir. 


C*ubic 
Feet. 


29.00 


135 


820 


13.09 


1.028 


589.98 


29.00 


150 


310 


14.09 


1.030 


591.60 


29.00 


175 


291 


15.43 


1.032 


593.26 


29.00 


200 


265 


16 06 


1.077 


629 84 


29.50 


150 


293 


13.31 


.921 


497.26 


29.50 


115 


270 


9.41 


.750 


299.86 



Per- 
centage 



.4051 
.4348 
.4748 
.4655 
.4803 
.4566 





Test of 21 .inch wheel, Nov. 17, 1878. 








Head. 


Weight. 


Bey. 


Horse 
Power. 


Weir. 


Cubic 
Feet. 


Per- 
centage 


Whole Gate, 

Part Grate 


47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
47.00 
•47.00 


850 
800 
275 
250 
225 
200 
125 
85 


379 

403 

424 

436 

455 

462.5 

44(5.6 

416.6 


40.20 
86.63 
85.33 
82 95 
81.02 
28 03 
16 91 
10.73 


1.300 
1.290 
1.284 
1.272 
1.242 
1.230 
.994 
.852 


824.72 
815.49 
800.42 
798.99 
773.00 
762 76 
554.55 
444.61 


.5491 
.5060 
.4972 
.4646 
.4520 
.4139 
.8434 
.2718 


II 







In the mill where the 24-inch wheel is used the main line of shaftin? is designed 
to run 100 revolutions per minute ; the g(*ars connecting the wheel are one to 
three. consequ<'ntly Mr. Humphrey prepared the wheel to run 300 revolutions 
p..;r minute under 82 f et head. 

The main shaft in mill where the 21 inch wheel is used is arranged in connec- 
tion with thf) machinery used to run at 160 revolutions per m nute. This shaft is 
connected to the wheel by gears, ono to three, consequently, the wheel was pre- 
pired to run at a velocity of 480 revolutions per minute. It will bo seen, how- 
ever, by the tests, that Mr. Humphrey was very wild in his calculations for 
speed. 

Mr. Humphrey took a very active interest in the hydrodynamic experiments 
made by the Uolyoke Water Power Co., and promised distinctly, several times, 
to furnish one of his wheels for trial, but failed to do so. 
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List of Wheels Tested. 



Tho9€ having a ttar plactd btfore name are tpeciaUy reported^ 

^AniuoAN, Stoat, Mills A Temple, Dajton, Ohio. The beet of the carl/ 
wheels. 

*AiioKLL, Proridence, B. I. Double discharge, central and down. Backets 
east separate, then bolted to hub, ycry apt to shear oil. Fly trap gates, rery 
leaky; is steadier, gires more power and higher useful effect with central dis- 
charge stopped. 

Abbowsmith, Lockportt N. Y. Central discharge with sheets of steel 
extending the inner edge of buckets until they met like the sides of a wedgs 
npon the supposition that at part gate the pressure of water would regulate the 
op7ning, and produce high percentage at any stage of gate. The plan was a fiiU* 
ore. Highest useful effect, 68 per cent. 
^BuBNBAX, York, Pa. Downward discharge. Outside register gate. 
*BoTDSN FouBNSTRON. Made at Chicopee, Holyoko and other places. Out 
ward discharge. Poor at part gate and of small capacity for diameter. Usefbl 
effect of those I have tested has yaried from 46 to 85 per cent. 

B(7ZZSLL, St. Johnsbury, Vt. Scroll. Downward discharge. So arranged 
that proportionally it gives good part gate results. Highest percentage, 66 per 
cent. 

BasTiOH, Canton, N. Y. Similar to the Curtis, but I think not manniSsetared 
now. Tested one with wicket gate in draft tube below the wheel, which proTcd 
the plan to be bad. With register gate, Lixhest useful effect, 70 per cent. 

BsK, Lancaster, Mass. Downward discharge. Babbitted in the upper bear* 
ing, and became bound while being tested, so that 68 per cent., the highest 
result obtain d, was no indication of what the wheel would haye done if it had 
been in a proper condition. 

Bbtaht Bbo*s., Westchesterfield, Mass. Downward discharge. Gare 66 per 
cent. 

Betsoh TuBBiTT, Mlles Greenwood, Cincinnati, Ohio. Down and central. 
75 per cent. Not manufactured now. 

Blakk, Pepperell, Mass. Scroll. Obsolete. 60 per cent. 

*Babbkb, Ballston Spa, N. Y. 70.29 per cent. 

•BI.AC1UTONB, in Elmer, Leffel and Ajnerican cnrbs. See special reports. 

Bodixb JomrAL, Mount Morris, N. Y . If made at all. 76 per cent. 

•Bollixobb, York, Pa. Central discharge. 70 per cent. 

*Cox, Ellsworth, N. Y. Double, downward discharge. 70 per cent. 

•Cask, National Water Wheel Co., Bristol, Conn. See special report 

*Chasb, Orange, Mass. .See report. 

CusHMAH, Hartford, Conn. Scroll. 60 per cent Discharge up aad dowik 

•Colbmah, Turner's Falls. 

*CUBTM, Ogdensburg, N. Y. 
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Cook, Lake Village, N. H. Has had several kiads tested, bat builds upon a 

different plan now. Ilighe-^t useful effect of those tried, .7752 per cent. 

Chapmak, Clark & Chapman, Tamer's Falls, Mass. Highest efficien(7',52 per 
cent. 

"^EcLtPSB, StUwell Sb Bierce Manf 'g Co., Dajton, Ohio. 

Grow, Dubuque, Iowa. 69 per cent. 

Gillespie, Turner's Falls, Mass. Two wheels upon horizontal shaft« Four- 
neyron wheels. 64 per cent. 

Gbiin, Juda, WiM. 60 per cent. 

GxTLiNB, Philadelphia, Pa. Jonyal wheels. Telescopic gate below wheels. 
66 per cent. 

HoLMAN, Adams, K. Y. 47 per cent. 

HuKXiNO BiBD, Willis Read, Danbury, Conn. Two. One central, one down« 
ward discharge. 62 per cent. 

*HoufTON, Beloit, Wis. Has had many wheels tested. Useful effect, ranging 
from .774 to .9006 per cent. Gi^te works yery hard, and is poor at part gate. 

*HxBCULEB, Holyoke, Mass. 8ee special report. 

""HoLTOKX Machine Co., Holyoke, Mass. See special report. 

*HirNT, Orange, Mass. See special report. 

""HuMPHBXT, Humphrey Machine Co., Keene, K. H. 

KiNDLXBEReSB, Cinciunati, Ohio. .6246 per cent. 

Kmowlton, Saccarappa, Maine. 59 per cent. Abandoned. 

Leatitt, Lebanon, N. H. .637 per cent. 

Luther, Iowa. Scroll. 70 per cent. 

*LsFFEL, Springfield, Ohio. Hare tested many of them. Useful effect raried 
from 40 to 79 per cent. 

*LucAS, Hastings, Minn. See special report. 

*LiBBT, Medford, Mass. See special report. 

Lbsner, Fultonyille, N. Y. Central discharge. Central discharge wheels are 
behind the age. 

♦MuLLiKiN, Lansing, Iowa. See special report. The wheel is yery poorly 
made. 

*MossBB, Allentown, Peun. See sprcial report. 

Mallbbt, Dryden, N. Y. .769 per c>nt. 

^National, Josiah Buzzby, Crosswicks, N. J. .676 per cent. Complicated 
gates. 

*Natiohal, Bristol, Conn. See special report of the Case wheel. 

*Pebrt, Bridgton, Maine. See special report. 

Platt, New Brighton, Pa. Two wheels upon a horizontal shaft. .585 per 
cent. 

Banbt, New Castle, Penn. Became bound in its staffing box while being 
tested, so that the test was no indication of what it would haye doue if it had 
been well constructed. Useful effecr, per test, .667 per cent. 

*BiSDON, Mt. Holly, New Jersey. See special report. 

Betnolds, Oswego, N. Y. Scroll. 50 per cent. 

Beaseb, Milwaukee, Wis. Flutter wheel placed on end between plates; 
would nut run its own weight to speed. 

Sherwood, Independence, Iowa. A Foumeyron, 63 per cent., and a down- 
ward discharge. .761 per cent. 

*Swain, North Chelmsford, Mass. See special report. 

*SxiTH, York, Pa. See special report. 
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8TKT1M80N, N«w York City. Two Jonral wheels placed together, one die* 
eharging downward the other upwards, the upper discharge passing iuto a dome 
'* or racunm," then downward in an annular tube, as shown in the Fulton A 
Myers' plan, which is illustrated in the gronp of perpetual motion inyenfions. 

*S]IALL, Urbana, Ohio. 8ee report. 

Stbtbon, Fitchburg, Mass. Central and downward discharge, register gates, 
not manufactured now. .703 per cent. 

♦Stowi, Newark, New Jersey. 

Staples, Boston, Mass. Central discharge, three diyisions. with a cylinder 
gate raised by a screw similar to that of the Hercules ; the object of the three 
dirisions of the wheel was to gain high part gate results, as it was supposed that 
either dirision would gire as high results as the whole combined. Highest 
results obtained, 77 per cent. 

Tbullinobb, Oswego, Oregon. Discharge down and up into a raeniim like 
Stevenson's. 70 per cent. 

Ttlxb, Claremont, N. H. Old scroll, useful effect ranged from 60 to 07 per 
Cent. 

*Tti.eb. New scroll and flume wheels. See special reports. 

Tkllbb, Fort Plain, N. Y. Wheel in dirisions like the Stoples and for the 
same purpose. Useful effect, .645 pvr cent. 

Tebbt, Terryrille, Ct. Boyden or Foumejron with two register gates, one 
Inside ofchu.es, the other outside. 68 per cent. Abandoned. 

*Tuttlb, Waterville, Maine. 68 per cent. 

TiCE, Cincinnati, Ohio. Ae-inyention of the old Schielo wheel, iUustrations of 
it may be found in Wiesbaeh's or almost any other work treating of turbines 
twenty years since. 

^Thompson, Springfield, Mo., and Silyer Creek, N. Y. 

*TwrrcHELL, Pulaski, N. Y. See und^r the head of Perpetual Motion. 

Uphax, Worcester, Mass. Central discharge, tried in scroll, also in flume 
curb. 72 in scroll. 68 per cent, in flume curb. Abandoned. 

*Upham & Libbt. See special report. 

*VicTOB, Stilwell & Bierce Manf g Co., Dayton, Ohio. 

Vandewateb, Rochester, N. Y. Downward discbarge, cylinder gate. .778 
per cent. Wheel struck bad in curb while being tested. 

Watson Jonyal, Paterson, N. J. Old. 49 per eent. 

•Walsh, Waupaca, Wis. 

•Writnbt, Leominster, Mass. Old plan in flume and scroll curbs abandoned. 
Percentage of scroll, old wheel, 40 per cent Flume, 72. For new plan, see 
•pecial report. 

Waqneb, Chicago, HI. Foolishly complicated in discharge and limited 
capacity. Highest useful effect, .738 per cent. 

Wheblxb, Berlin, Mass. Central and downward discharge; but did best 
eyery way with central discharge stopped with blocks. Discharged the same 
quantity of water after blocking central discharge. .746 per cent. Not manu- 
factured now. 

*Wtkkoop. See special report. 

*Wbtmobb, Clarcmout, N. H. See special report. 

*WoLF, Allentown, Pa. In taking one of the mske apart, a few days since, 
many small pieces were found that were used for blocking up ffsite suspension. 
Such pieces are yery liable to get lost and might, with little trouble, be rendered 
unnecessary, by caating proierting pieces on the surfaces. "Patchwork" is 
objeetionablo m turbine building. See special report for efllciency« 
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HOLTOKE WATER POWER CO. 

In connection with the following reports, it is but a simple act of 
justice for me to call attention to the liberality of the company in 
aid of efforts made for the benefit of manufacturing interests. 

It is but a few years since that experiments in hydraulics or dy- 
namics, having relation to milling matters, were made in a sort of 
close-communion spirit, and, if published, done at such price and 
in the guise of such profundity and tediousness, that the average 
manufacturer preferred to trust to his own skill for success. Infor- 
mation was needed in relation to turbines, and a few months' expe- 
rience convinced me that such information might be obtained at a 
reasonable cost. The testing of three Swain wheels, by the Messrs. 
Francis and Mills, occupied a considerable portion of the time from 
May until the next April, the expense reaching up into the thousands 
— ^the charge for the water used being ^500, creating the impression 
that a large supply of water would invariably be used, so that the 
easiest terms that I could get at Lowell were ^25 per wheel for use 
of water — ^that price to be paid if the water was let on to the wheel, 
though only used an hour — four days to be the greatest length of 
time for any one wheel, and only small wheels to bo tested at that 
rate. The supply was insufficient, and, after testing there two sea- 
sons, a better locality was sought. 

The late Stuart Chase, agent Holyoke Water Power Co., met 
me in the most liberal spirit : '* The testing of turbines is the only 
way to perfect them, and that is a matter of vast importance. Move 
your works to Holyoke, and use all the water necessary for the pur- 
pose in welcome, tree of charge," was his generous offer. And 
while building the flume, his assistance, through his acquaintance 
with the surroundings, was freely given. Such liberality allowed 
the price of testing to be much reduced, and such improvements to 
be made that a turbine could be tested at one per cent, of the cost at 
which it could be done ten years previously, and tested far more 
accurately than was possible at any cost at that time. I had but 
to mention the plan for a public test to the present agent, Wm. A. 
Chase, to be met with the generous offer of the company to make 
it free to all sending wheels. Invitations were sent to other water 
power companies and societies interested in such matters, to assist 
in conducting the experiments free of expense. Every wheel fur- 
nished was tested until the owner was satisfied ; suggestions were 
made, wheels taken to machine shop, altered, reset, and again tested. 
If the second test merely repeated the results obtained the first time, 
they were not published, but every other test, without exception, 
was reported. The draft tube, gear and belt tests were made with 
the greatest possible care, without regard to time or expense, and 
though no pretensions were made in reporting the loss of power in 
transmission through gears that such loss is invariably the same, 
for very different results may be found reported in this work. As the 
conditions were as favorable as the average to be found where gears 
are used, it is reasonably certain that the loss, as reported, is notex- 
hZ^S I ceptional. Under other circumstances, the loss may be more or less. 
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HOLYOKE 
Hydrodynamic Experiments. 



To make the matter generally understood, the following notice 
is here republished : 

HOLTOEE WATEB FOWEB OOHFANT, 

Holyoke, Mass., April 10, 1870. 

NOTICE TO TURBINE BUILDERS AND MANUFACTURERS. 

The practice of testing turbines, so common the past ten years, has undoubt- 
edly done much towards bringing the best into use; but there has been one 
serious defect in the system ; that is, the practice has generally been confined to 
the trial of small wheels, owing to the great expense that would be caused by the 
tests of large sizes. As it is a matter of yast importance that the best turbine 
plans should be established beyond chance for doubt, this Company has provided 
means for a thorough competitiye test of the various kinds of turbines that may 
be offered for trial, and invite Water Power Companies, cities that pump their 
water supply, and all others interested in the matter, to take part therein. 
Each builder shall superintend the setting of his wheel — the setting and testing 
to be done at the expense of the Water Power Company. ^Capacity of each 
wheel to be sufficient to discharge about 5000 cabic feet of water per minute, 
under 18 feet head. Each wheel will be thoroughly tested from half to whole 
gate, and, if deemed best, under at least two different heads; also under several 
feet of back water. At the conclusion of the trial, a full report will be made of 
the results obtained and of the workmanship, and probable durability of each 
kind of wheel tried. Turbine builders of this or any other country are invited 
to famish wheels, and those proposing to do so should give notice of such 
Intention as soon as possible. 

Tests to commence the first day of September next. 

HoLTOXS, Mass., June 2, 1879. 

*Builders who have not got patterns for wheels of so large capacity may 
enter their largest size, but it is better that all should discharge about the same 
quantity. 
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The parties here named hare either entered wheels for the trial or haye made 
application for information as to conditions to be observed, Ac. 



Swain Turbine Co., LoweU, Mass. 
Houston Tarbine, 

Fales A Jenks, Pawtucket, B. I. 
Wolf, AUentown. Pa. 
Victor, Stilwell & Bierce Wtg Co., 

Dayton, Ohio. 
Hercules, Hoiyoke Machine Co., 

Holyoke, Mass. 
Henry Vandewater & Co., 

Auburn, N. Y. 
Willis Reed, Danburv, Ct. 
E. Dodge, Spencer, N. T. 
Edward Wemple, Fultonville, N. Y. 
Joseph Hough, Mechanics Valley, Pa. 



Humphrey Machine Co., Keene, N. H. 

8. Sleeper, Mt. Morris, N. Y. 

Knowlton A Dolan, Logansport, Ind. 

National, Bristol, Conn. 

Little Giant, Auburn, N. Y. 

T. H. Risdon, Mt. Holly, N. J. 

Rodney Hunt Machine Co., 
Orange. Mass. 

W. D. King ^ Co , Pontiac, Mich. 

N. F. Burnham, York, Pa. 

Wm. F. Perry, Bridgeton, Maine. 

Goldie, McCuUoch & Co- 
Gait, Canada. 

Gates Curtis, Ogdensburg, N. Y. 



As is often the case in such trials, few of those desirous of taking 
advantage of the Company's offer were ready at the time named, and, 
as the notice did not state any time for closing, builders have been 
tardy in sending their wheels. The ordinary work of the testing 
flume has been continued during the time, so that the wheels re- 
ported are only about one-half the number tested; and any one 
acquainted with the matter will see that there has been no unneces- 
sary delay in making the report. 

The experiments were announced as competitive, meaning, in 
general utility, economy in the use of water, convenience, cost and 
durability. 

Large turbines were called for, that their discharge might be 
greater than could be measured in the testing flume of any turbine 
builder, but this was not insisted upon, as, to have done so, would 
have limited the competition to a few old builders with full sets of 
patterns, whose wheels have often been tested and reported. Ex- 
perience has not yet produced any fact that even hints that any 
particular size of turbine, small or large, can be made to produce 
higher results than any other size of the same make. Consequently, 
builders were allowed to send wheels the most convenient in size 
for themselves, and it is not known that any one of experience 
furnished a wheel with the expectation that it would give the highest 
possible results, but that its general merits should commend it to 
the public, and that the value of any peculiarity in its construction 
should be determined. 

Competitive turbine tests, in the common meaning of the term, 
have been useful in the past, as they have enabled those interested 
in such matters to decide upon the most desirable plans. At the 
present time, however, such tests can have no public value, because 
each turbine tested only represents itself in efficiency. Another of 
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the same size and make might and probably would gire quite dif* 
ferent results, so that should each competitor have a second, third 
or a tenth wheel tried, his standing would be likelj to change with 
each wheel tested. The Foumejron, Boyden, Birkinbine and 
Centennial tests all prore this fact, as they also prove that the 
builders who hare furnished the turbines that hare g^Tenthe highest 
efficiency reported, hare only had a brief popularity, as manufact- 
urers hare found other turbines more desirable for business ; and 
it will be erident from the results obtained in these experiments^ 
that builders hare taken this fact into consideration and have gen- 
erally tried to produce turbines economical at any stage of gate 
opening, rather than to gain the highest possible efficiency at whole' 
gate, where, in practical use, it is rarely used. And in this there 
has been a decided gain, as there has also in an increased capac- 
ity for a £^yen diameter of wheel, noticeable in the Rechard as well 
as the Hercules and New American. 

In considering the comparative merits of the wheels here 
reported, it should be understood that previous to 1876 turbines of 
any make for a given diameter generally gave about the same 
power. There were builders who believed in some mysterious 
power in leverage, who constructed wheels with extended diameter 
and proportionally small discharge, but these were exceptional; 
the rule held good, and it will be necessary to take this fact into 
consideration to realize the improvements in turbines during the 
past four or five years. 

Turbine builders were requested to fhmish draft tubes of different 
sizes with their wheels, that the efficiency of such tubes might be 
determined ; and that the loss in transmission through belts and 
gears might also be ascertained, several well known gear-making 
firms were requested to furnish gears for trial. 

The experiments have been conducted upon the supposition that 
their purpose was to ascertain the real utility of the various devices 
tested under the every-day ordinary conditions to which such plans 
are subjected in practical use, rather than possibilities in exceptional 
cases under the most favorable circumstances ; and features of known 
interest developed are recorded in connection with their development. 
It was expected that the experiments would require much time, and 
as they were made in the public testing flume, it was necessary that 
each should be conducted as expeditiously as accuracy would per- 
mit; consequently, James Emerson, from his intimate familiarity 
with such matters and experience in handling wheels, was employed 



140 

to see that each turbine was set in a manner satisfactory to its 
builderi and to have a general supervision over the work. 

Samuel Webber, Civil Engineer of Manchester, N. H., known 
in connection with the Centennial tests, was selected to assist in 
making the experiments, and reports herewith. 

Theo. G. Ellis, Civil Engineer of Hartford, Conn., well known 
through his published works and long employment by the govern- 
ment in river and harbor improvements, was selected by the turbine 
builders to see that the experiments were skillfully and fairly con- 
ducted, whose report is appended. 

For the information of the uninitiated, it is proper to state that a 
turbine, under a given head, does its best at a certain speed. To 
find this point it is necessary, in testing, to begin with a light weight, 
run a minute or more, then add weight and repeat until the best 
point is found ; and the test that fixes that point is the speed at which 
the wheel should be geared to work, and the efficiency at that point 
is the efficiency of the wheel. The average efficiency from a part 
to whole gate means when the wheel is running at that speed at 
any stage of gate opening, and the efficiency at other speeds is 
to be considered only so far as it shows the loss that will occur 
through gearing above or below the proper point. 

The tests are supposed to be correct and complete in each case 
as given, but for the information of students or others wishing to 
work out the data for themselves, the following is given in explana- 
tion of the statement at the head of each test : multiply revolutions 
by 10, 20, &c. It must be understood that during each test the 
acale beam is attached to the brake at a point which, if revolv- 
ing, would describe a circle of 10, 15 or 20 feet in circumference. 
Consequently, the revolutions must be multiplied by the number 
given, as for example : Of the first New American wheel tested— 
rev. per minute, 207.6; weight, 675. 207. 6 X 15=3112.5 X 676= 
2100937.5-^33000=63.66 h. p. 

To make this report really useful, it is issued in size convenient 
for the pocket. 

WM. A. CHASE, Agent. 




Engineers' Reports. 



REPORT OF TEtEO. G. ELLIS. 

Hartford, Conn., September 13, 1880. 

WILLIAM A. CHASE, Esq., 

Agent of the Hclyoke Water Power Co. 

Sib: Having been requested to take part in the interesting^ 
experiments upon turbines made by your Company in October and 
November, 1879, at the Holyoke testing flume, I did so with great 
reluctance as, owing to many professional engagements, I could not 
g^ye so much time to the subject as its importance seemed to 
warrant, and could not possibly be at Holyoke at all times during 
the experiments. I finally, however, agreed to be present at part, 
at least, of the tests in behalf of the turbine builders, to see that 
the experiments were fairly conducted as far as lay in my power, 
and to make such observations as I thought best. 

It was understood that the mechanical work of setting the wheels 
and making the experiments was to be superintended by James 
Emerson, whose previous experience in the testing of turbines at 
the same locality eminently fitted him for the task. The flume and 
apparatus used was mostly, if not entirely, designed and con- 
structed by him, and he was familiar with all its details and 
capabilities. Whatever may have been his previous published 
views, it is believed that in the present tests all the turbines 
presented for trial have received the same careful attention and 
trial. In some cases the record does not appear to show as full 
and complete a trial as in others, but there was always some good 
reason, irrespective of any prejudices for or against that particular 
wheel, for the apparent limitation of the trial. 

Mr. Samuel Webber, civil engineer, of Manchester, N. H., who 
had superintended the Centennial tests of turbines, was present 
during the whole of the experiments, and I availed myself of an 
association with him in overlooking the experiments, so that one of 
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US should be present at every trial, and thus always have a dis- 
interested party to record the readings of the dynamometer and 
gauges, and the time of the experiment, to serve as a check upon 
the readings recorded by Mr. Emerson's assistant and taken by 
him, Mr. Webber was assisted most of the time by Mr. Stockwell 
Bettes, civil engineer, of Springfield, Mass., who read the gauges 
and otherwise checked the readings taken and recorded by Mr. 
Emerson. 

All of Mr. Emerson's readings, and such of Mr. Webber's as he 
desired, were recorded in a book kept for the purpose. These 
records were kept and all the computations therefrom were made 
by Miss Charla Adams, who for a long time has been familiar with 
«uch experiments and computations as an assistant of Mr. Emerson, 
and who, I am satisfied from a personal examination of her work, 
has performed the duty in a careful, accurate and thorough 
manner. 

Experiments upon the following wheels were all witnessed by 
Mr. Webber, and part of them by myself: 

October 10, 1879, Tyler Wheel. 



(( 


11, 




Thompson Wheel. 


(( 


H, 




New American Wheel. 


tt 


15, 




♦* Humming Bird " Wheel. 


tt 


16, 




Success Wheel. 


it 


17, 




Two Tait Wheels. 


ti 


18, 




Repeated Test of Tait First Wheel 
(buckets chipped). 
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18, 




Sherwood Wheel. 


i< 


21, 




Nonesuch Wheel. 


tt 


22, 




Curtis Wheel. 


It 


28, 




Pair of Curtis Wheels set horizontally. 


November 11, 




Hercules Wheel. 


<( 


12, 




Hercules Wheel. 


ii 


13, 




Houston Wheel. 


(( 
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Wetmore Wheel. 


CI 


15, 




Monarch Wheel. 



The computed volumes of discharge, and the percentage of 
efficiency of the foregoing wheels, as shown in your Report, the 
proof of which has been submitted to me, have been carefully ex- 
amined with a view to determine the relative value of the wheels 
named, and their respective performances under the different con- 
ditions and amounts of water with which they were tested. 

Iti the testing of turbines, it has been the practice to first de- 
termine the velocity at which the wheel will give its greatest effect 
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when using all the water that will run through it with the gates or 
entrance apertures open to their full extent, or at **full gate; " 
then to diminish the quantity of water to three-quarters and one- 
half, as nearly as practicable, and to estimate the power of the 
wheel when running at the same velocity. The experiments at 
Holyoke were conducted practically in this manner. The best 
Telocity was found for ** full gate/* and then the amount of water 
was diminished gradually in successive experiments to the neigh- 
borhood of half the quantity, with the wheel running as nearly as 
might be at the same speed. 

This is perhaps the best way to make such tests, everything con- 
sidered. But it does not in all cases give the exact relative value 
of the wheels. Some turbines might give a better result at a 
different velocity when using a less amount of water, and make 
their average, say, from half to full gate better than by the former 
method. The difficulty, however, of getting at the exact velocity 
at which any turbine would give its best results when using differ- 
ent quantities of water, is too great to warrant such determinations 
in a series of comparative tests such as were made at Holyoke. 
The same method must be established for all, and the customary 
one appears to be the fairest, as no other would probably be agreed 
to by all the turbine builders. In the practical use of turbines for 
power, it is rarely the case that a wheel is put in of the exact power 
required. A margin must be left for an excess of power to meet 
emergencies, and allowance must be made for an increase of 
machinery, so that a larger wheel is ordinarily purchased than 
would just suffice to meet present requirements. For this reason, 
it is not the wheel which gives the highest percentage of efficiency 
at **full gate" that is really the best wheel. There can be no 
point fixed at which any wheels should be compared, but it is 
thought that perhaps ** three-quarters gate'* is about the average 
point at which wheels are used, and their comparative efficiency at 
from one-half to their full power sufficiently represents their real 
value. It would probably be a better comparative test of wheels to 
get their best velocity at ''three-quarters gate" and run them with 
the same velocity for greater and less quantities. This would give 
the real value of the wheel better than the present practice, but it 
would probably not be generally agreed to. In using the terms 
** full gate," " half gate," ** three-quarters gate," etc., the relative 
quantity of water is meant The opening of the wheel gates them- 
selves is not considered. Their construction is often such that 
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opening or closing them a certain proportion does not affect the 
quantity of water in the same manner. It not unfrequently happens 
that a slight closing of the gate increases the quantity of water 
passing through them, so that the gates themselves are deceptire 
and are no criterion of the amount of water used. The gate open- 
ing is sometimes used to deceive the uninitiated in the circulars of 
unscrupulous turbine builders, calling *' half gate "perhaps two- 
thirds the whole quantity of water, so as to give a higher percentage 
of efficiency, but the only true standard of comparison is the actual 
amount of water measured as it leaves the wheel. 

The experiments upon the before-named wheels hare been care- 
fully plotted with the amounts of water and the percentage of 
efficiency as co-ordinates, and a mean curve drawn through the 
points for each wheel. These curves have been- all reduced to a 
uniform horizontal scale for the purpose of comparison, so as to 
obtain their relative efficiency at all proportions of the whole 
amount of water from half to full gate. The curves of the eight 
wheels giving the highest efficiency are shown on the annexed dia- 
gram. The horizontal scale shows the parts of the whole quantity 
of water from half to full gate, and the vertical scale shows the per- 
centage of efficiency at all points corresponding to the amount of 
water indicated. 

The average percentage of efficiency for these eight wheels has 
been computed for the amount of water from half to three-quarters 
gate, from half to full gate, and from three-quarters to full gate, as 
shown in the following table : 

Table Showiko Avsraob Pescbittaob at Past Gatb. 



NA¥1. 


itoi. 
Per cent. 


1 to Alll. 
Per cent. 


(tofiiU. 
Per cent. 


Hercules, 


.737 


.805 


•771 


New American, 








.732 


.796 


•763 


Success, • 








.708 


.786 


,747 


Tyler, 








.665 


.766 


.715 


Tait, 








.680 


.744 


.712 


Thompson, 








.696 


.721 


.709 


Nonesuch, 


1 < 






.619 


.712 


.666 


Houston, 


t t 


' • ' 




.897 


.717 


.667 



i 



% 
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By examining the diagram and the foregoing table, the peculiar- 
ities of the sereral wheels will be readily seen. It will be obserrtd 
that the Houston turbine, which has the highest percentage of 
effect at tall gate, is really the least efficient at from half to three- 
quarters, and from half to full gate, of all those shown on the dia- 
gram, and is only superior to the Nonesuch at from three-quarters 
to full gate, and that by a very trifling amount; so that the wheel 
which apparently has the highest percentage is really the least de- 
sirable for actual use. The Thompson turbine, which has the 
lowest percentage of those shown, at full gate, rises to the sixth 
place at from one-half to full gate, and to the fourth place at from 
one-half to three-quarters gate. The Tyler turbine, which has the 
second highest percentage at full gate, falls to the sixth place at 
from one-half to three-quarters gate. The Hercules turbine, which 
stands third only at full gate, takes the first rank at from half to 
fall gate, or any of its subdivisions. The New American turbine, 
which stands only fifth in the percentage at full gate, is second only 
to the Hercules at from one-half to full gate or either of its subdi- 
visions, and, indeed, differs from the Hercules very slightly in its 
useful effect through the whole range shown. 

Taking the average useful effect of the wheels shown from one- 
half to full gate as a measure of their efficiency, their relative value 
is in the order shown in the table. 

Among the turbines tested at about the time of the experiments 
upon the wheels before named, were two very remarkable ones on 
account of their very different qualities and performance. These 
were the Rechard, a statement of which is included in your Report, 
and the Victor, which was used in the gear experiments, likewise 
attached to your Report. The first-mentioned has a percentage 
of useful effect of only 69 at full gate, while the latter has a per- 
centage of 92. At thirteen-sixteenths of full gate, the percentage of 
efficiency becomes reversed, and below that the Rechard is by far 
the most effective turbine. From one-half to full gate the efficiency 
of the Rechard is second only to the Hercules, while for the same ' 
range the Victor would come fourth in the list. 

Neither Mr. Webber nor myself witnessed the experiments upon 
these wheels, but they are mentioned to show that a high percent- 
age at full gate is often deceptive and does not always indicate the 
best wheel for practical use. 

In the foregoing Report, with the exception of the last two wheels, 
only such wheels are considered as were tested in the presence of Mr. 
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Webber or mjselfl The litt H^peart to embrace all the reall j good 
wheels presented, and gires their efficiencjr as we saw it. Some of 
these wheels show a little higher percentage than I hare giren in 
some of the other experiments in jour Beport, particularlj the 
New American, but I hare thought best to confine myself to those 
experiments that were witnessed and rerified bj the attending 
engineers. 

With the sincere hope that comparatiTe and competltiTe tests of 
turbines will be continued, and that therebj the public and users 
of power will know more full/ the qualities of the wheels thej pur* 
chase, and the useful effect thej are likely to derire from them, 

I remain, rerj respectAillj yours, 

TH£0. G. ELLIS, Citil EnonnxB. 



REPORT OF SAM'L WEBBER. 

WM. A. CHASE, Esq., 

Treasurer Holyoke WcUer Power Co. 

Dbab Sir : I was requested by you in October, 1879, to come 
to Holyoke and be present at a series of competitiTe tests of tur- 
bines, and to see that the measurements were correctly made, and 
the apparatus in perfect order. I was, accordingly, present the 
greater part of the time from October 9th to Norember 15th, and 
witnessed the tests of the following wheels, viz. : 

Oct. 9th and 10th, The " Tyler" Wheel. 
" 11th, " " Thompson" Wheel. 

** 14th, " ''New American/' being a wheel 

of the Swain type of bucket, 
with the case and gates for- 
merly used for the ''American 
Wheel." 
October 15th, The '* Humming Bird " Wheel. 

16th, " " Success " Wheel. 
17th, " *« Tait Centennial," 2 wheels. 
18th, " " " 1st wheel repeated. 

" ** " Sherwood " Wheel. 
2l8t, '* "Nonesuch" Wheel, from Clark & 

Chapman. 
22nd, " *« Gates Curtis " Wheel. 
27th, " " pair of wheels on drafttube. 

Nov. 1 1th and 12th, " " Hercules " Wheel, 
13th, " " Houston " Wheel. 
14th, " " Wetmore " Wheel. 
16th, " "Monarch" Wheel. 



< 



During all these tests, I verified the measurements of the weir, 
the revolutions of the wheel, the head of water, and the weight on 
the steelyard, and in these measurements I was assisted by Mr. 
Stockwell Bettes ; and from the data so obtained I have made up 
complete calculations of the results. 

I have examined the proof sheets sent me by Mr. James Emerson, 
of his report and calculations of these tests, and have no hesitation 
in accepting them, as in very many cases we agree exactly, while in 
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BO case ia there a yariation of orer 1 per cent., andtheae differences 
are mainly due to alight differences in the weir readinga, as taken 
hy Mr. Emerson and Mr. Bettes. 

I was also present during a portion of the gear and belt tests in 
April, 1880, and can certify to the correctness of Mr. Emerson'a 
report of those tests, so far as the results then obtained are con- 
cerned. 

I cannot, howerer, consider these tests as condusire, from the 
fact that the gears were entirely new, and that there was no accu- 
rate method of regulating the proper depth to which the gears 
should be put in contact — a slight change in such depth having 
shown a great difference in the net power attained. 

Neither was there any method for regulating or ascertaining the 
the tension of the belts. 

Nor should I be satisfied to accept the result obtained from the 
15-inch Victor wheel as conclusive of the merits of wheels of that 
make, as from various tests the very small wheels of almost all 
patterns usually give a higher percentage than the larger ones. 

Tours very truly, . 

SAMX WEBBEB, C. E. 



REPORT OF JAMES EMERSON. 

WILLIAM A. CHASE, 

AgtfU Water Pmur Cb., Eolyohe^ Mass. 

. Sir : Haring, in connection with the engineers named, completed 
the series of turbine and dynamic experiments announced by your 
Company, the results obtained by myself, with accompanying 
remarks, are here submitted for your consideration. 

In presenting this report, it is a pleasure to recall the interest 
taken in the experiments, f^om the beginning to their close, by 
engineers and experts in such matters. There was hardly a trial 
of any kind without the presence of such. Mr. Bettes assisted 
almodt invariably ; James M. Sickman, C. E. of Holyoke, often 
examined the arrangements ; Prof. Norton, of the Sheffield Scien- 
tific School of New Haven, Ct., with members of his class, spent a 
day in witnessing the tests, and, later, six graduates of his class 
assisted in testing the 15-inch Victor. Prof. Whittaker, of the 
Massachusetts Institute of Technology, with some sixteen members 
of his class, not only witnessed the experiments, but had charge of 
the apparatus for several hours, and tested the Sd-inch Hercules for 
practice. The Principal of the Holyoke High School, with a large 
delegation of scholars, both male and female, spent some hours in 
witnessing the tests, and seemingly with much pleasure. There 
were also witnesses from very distant places, and some that one 
would hardly expect would feel an interest in such matters, but 
they seemed to do so. 

JAMES EMERSON. 

WiLLIMANSBTT, Ma88., Aug. 1, 1880. 
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Wemple Wheel. 
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Stnt by Wm, WempU't Son*, FulionvilU, Jf. F. 




Ift-lDch wheel. Central and downward discharge. Inside register gate. 



Data below for one minute. Multiplj rerolutionB by 10. April 17» 1879. 



Gate Opened 


Head 


Weight 


Rerper 
minute 


Horse 
Power 


Cubic 
Feet 


Per 
Cent 


Whole Gate 
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18.24 


160 


836.8 


16.24 


628.06 


.7265 


44 41 












18.86 


160 


827.6 


16.88 


627.43 


.7298 


4( 41 












18.40 


170 


810 


16.48 


640.08 


.7375 


41 4( 












18.26 


180 


8U3.5 


16.66 


646.48 


.7484 


44 14 












18.40 


190 


296 


17.04 


648.48 


.7561 


44 4. 












18.85 


200 


280 


16.97 


661.49 


.7616 


44 44 












18.24 


210 


260.6 


16.61 


660.44 


.7257 


4< «• 












18.29 


185 


298 


16.42 


648.48 


.7829 


44 <4 












18 17 


195 


282 


16.66 


661.49 


.7451 


Part Gate. 
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l&O 


826 


14.61 


624.66 


.6887 


»4 44 












18.20 


175 


296 


16.60 


626.04 


.7200 


44 44 












18.20 
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294.6 


16.17 


642.48 


.6868 


4. 14 












18.21 


166 


282 6 


14.12 


699.42 


.6860 
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18.22 


160 


290 


14.06 


696.42 


.6851 


44 44 












18.24 


140 


278 


11.79 


642.63 


.6306 


• 4 44 












18.24 


126 


293.6 


11.11 


626.46 


.6187 


4( 44 












18.84 


100 


269 


7.85 


437.66 


.5178 


** 44 












18.84 
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291.6 


8.83 


447.21 


.5700 


44 <4 
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76 


227.3 


6.66 


830.80 


.4906 


44 44 












18.83 


76 


300.6 


6.83 


370.86 


.5302 


44 44 
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6.84 


878.48 


.5842 


»4 44 
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80 


2^1.6 


7.07 


382 69 


.5309 


<4 44 












18.48 


66 


2S8.6 


4.81 


299.28 


.4722 


<4 l< 












18.48 


60 


808 


4.59 


398.03 


.4412 




Mr. Wemple not being able to get up a wheel of the size required in time, 
allowed this to be reported as a representative of the kind. 



Tyler Wheel. 

30-imch Jnhtil, tint bf John Tyler, Clarmoni, Jf. B. 
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Tictor Turbine. 
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Walsh Double Torbine. 

Btml by S. E. BmfOri, ShAoysan rallt 
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Tyler Wheel. 

vAitl, tMt »r JoAo Tyler, Clatvmml, If. B. 
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MPBcIly oflruuiDiiiioa, and general (I ^ 

Ameriun, iU relMlre Tuloe m»T bs npproilmiMd. 

Il will be nodcfd Itanl after piniallf closing UicRUe.IbB dlacbvge wu gnster 

than with tlie galflopeDcd infuU— a i-aUier curious feature, thoush theBimemar 

be otuervadlotlMCeitaf the Monarch, ths )ecoiHl lot of the 6ucceu, and olbera. 

Dau below hir one minute. Haltipl; rcTolatiDat b; 3). Oct. S, 1819. 



wheel! would have to 

i: price, •1,IM0. By compuinK ita coat. 
Bclency Willi Die Hereule t, Victor ol New 
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Feighl 






llorae 



Vhale Gate. 
Fart Qate. 



38»o!e« 
Mie.«e 

UIO.M 
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Thompson Wheel. 

numpim Iron Wrrit, Unten CUr. /^ 
■k irkeel, diagonal In ilupc, Uk 




I>U>l>el<»>raTOnemIn 
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Perry's Improved Turbine. 

Suit by Wm. jr. Perrv, A^tfflM. Jf*. 




Reynold's Champion Wheel. 

a4-iniA leMtl, ttnt by Bloomer A Co., EllaiMli, IT. Y. 




Damirud dUchuge. BegistcT gMs. 



DalitMloirforoiwinliiiitc. Hnltlply RTolattoni br 10. Oct 13, U 



New Ainerii-Aii Wheel. 

irl, HHl fty Slaul, 3IUU ,t Trmpit, tl'i^Cim, 
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«> 
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Oel. 14. 1819, 
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Humming Bird Wheels. 

48-inch wheelit tent by Willis Bead, Danbwry, Conn* 

Through some pecaliarity of construction, which, without illustration, is inde* 
scribable, these wheels keep up a constant hummiug sound while running; benoft 
their name. Mr. Bead was promptly on hand with his wheel, which was tested 
Sept. 6. From information obtained by the test, he took a new departure and 
constructed another wheel, which was tested Oct. 15. The re'iults of each maj 
bo found below. The workmanship of the wheels would hardly cause manu- 
facturers to look for machinery in Danbury. 



Data below for one minute. Multiply revolutions by 20. 




Gate Opened 


Head 


Weight 


Rev per 
minute 


Horse 
Power 


Cubic 
Feet 


Per 
Cent 


Whole Gate 


17.95 


1550 


000 


000 




000 


it li 












18.02 


750 


103 


46.81 


2187.30 


.6287 


(( « 












18.02 


775 


12 


47.91 


2211.71 


.6366 


M .< 












18.00 


800 


1005 


48.72 


2218 70 


.6473 


t; (1 












18.00 


8i5 


98.2 


49.60 


2232.70 


.6533 


it t4 












17.98 


850 


97.5 


50.22 


2246.73 


.6581 


t( t« 












17.98 


875 


06 


50.90 


2260.77 


.6629 


i« <i 












17.97 


900 


95 


61.81 


2271.33 


.6720 


t( « 












17.95 


925 


93.5 


52.42 


2306.62 


.6702 


(( «i 












17.94 


950 


90 


51.82 


2338.53 


.6587 


Part Gate. 












18.40 


425 


98.3 


24.03 


1210.67 


.5734 














18.41 


400 


100 


24.21 


1196.08 


.5828 














18.45 


400 


92 


22.30 


1089.60 


.6872 














14.41 


420 


96.7 


21.78 


1255.49 


.5670 














18.40 


500 


91.5 


27.72 


1269.56 


.6283 














18.84 


609 


88.5 


32.18 


1398.88 


.6640 














18.32 


600 


91 


33.09 


147^.63 


.6493 














18.18 


700 


06 


40.72 


1827.76 


.6483 














18.16 


750 


93.2 


42.36 


1887.49 


.6541 














18.13 


775 


93.5 


43.94 


1944.84 


.6598 














18.22 


650 


95 


37.42 


1732.81 


.6276 



Tested October 15. 



Whole Gate. , . . . . 


17.81 


1600 


000 


000 


2642.89 


000 ^ 


t( II 












17.86 


800 


107.6 


62.12 


2474.90 


.6246 


«i «i 












17.86 


850 


103 


63.06 


2485.76 


.6331 


«l ii ^ 












17.84 


900 


95.8 


62.25 


2551.18 


.6078 


II II 1 












17.83 


825 


106 


63.00 


2508.88 


.6286 


II It 












17.83 


850 


103.8 


63.21 


2614.77 


.6283 


II <l 












17.85 


876 


99.6 


62.78 


2554.83 


.6127 


Fart Gate. 












18.06 


700 


97.8 


41.27 


2042.38 


.6923 


«i II 












18.02 


675 


100 3 


41.03 


2035 56 


.6922 


II i< 












18.04 


650 


102.6 


40.41 


2035.56 


.68J6 


It II 












18.20 


600 


104.2 


81.57 


1683.73 


.5454 


«< II 












18.18 


625 


103.2 


82.83 


1630.61 


.6689 


«• II 












18 82 


400 


95.6 


23.17 


1828.28 


.5041 


•1 II 












18.34 


850 


103 


21.90 


1301.28 


.4H4T 


M l« 












18.67 


200 


93.6 


11.94 


908.29 


.3760 


«< II 












18.44 


250 


105 


11.59 


1079.87 


.8081 


" " 












18.06 


6o0 


106 


41.75 


1981.13 


.6192 


M tl , 












18.20 


600 


106.8 


32.86 


1651.78 


.6699 


It It 












18.35 


850 


106 


22.48 


1277.42 


.6078 


Whole Gate. . 












17.84 


850 


107.5 


65.88 


2532.96 


.6489 



Soecess Wheel. 

■J, «A«t, tnt bf g. jr. SnUa, Ttrk. A. 




TCTj fngUs In conitniiiUon. 

IniHpljreroloUonibrlB. Octlfl.lBTl. 



Gule OpFMd 


Hr»l 


Weight 


Itcv !.e 


Po^i^r 


>>'!" 
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m.t. 




S:S 


.7sei 

.7861 




















M19 






.. 
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Nonesuch Wheel. 

40-inch utheel, tent by A. S. Clarkt Tumert JFallt, Jfistfl. 



The derigner Bends the following description : 

The wheel consists of downward discharge backets, enclosed bj bell-shape<l 
cylinders. The one forming the hub of the wheel has the concave surface next 
to the backets. The other forms the flange or band which encloses the lower 
or reacting parts of the buckets, and has the convex surface next to them, or 
larger end downward. By this construction, the lower parts of the bucliets ard 
expanded on their outer extremity, which gives a very easy discharge. Thd 
curb of the wheel has a short draft tube in which is the step on which the wheel 
revolves. The water enters the wheel at the side and above the outer flang^^ 
through a system of straight chutes, within which is a cylinder gate having on thd 
lower edge fins or blades, which extend into the chutes. The downward prcs* 
sure on these blades and the weight of the gate is counterbalanced by an upward 
pressure on :tu external sectional flange near the top of the gate, and within thd 
dome in which the gate rises to open. By this means tlie gate opens easy under 
pressure. The wheel is constructed on the theory that water should not bd 
changed in direction horizontally after leaving the chutes, but take a downward 
direction only, as the wheel abso]:4)s the power of the moving water. 



This wheel was very deep, like the Ilercules; conical in shape, 40 inches ini 
diameter at the top and 48 at the bottom, which turned outward like the IUsdu&-^ 
hardly distinguishable in outward appearance of curb from the Hercules. 

Data below for one minute. Multiply revolutions by 20. Oct. 21, 1879. 



Gate Opened 


Head 


Weight 


Rev per 
minute 


Horse 

Power 

» 

000 


Cubic 
Foet 


Per 

Cent 


Whole Gate 


17.37 


2100 


000 


8999.93 


000 


ti 














17.14 


1100 


157.6 


105.06 


4449.00 


.7294 


«i 














17.15 


1200 


149 


108.36 


4463.29 


.7512 


<i 














17.12 


1100 


139.2 


109.67 


4461.89 


.7600 


II 














17.15 


1400 


131 


111.16 


4470.61 


.7676 


II 














17.13 


1500 


118.5 


107.74 


4470.61 


.7448 


II 














17.12 


1600 


105.5 


102.30 


4449.00 


.7112 


II 














17.11 


1375 


130.6 


108.75 


4444.38 


.7671 


Part Gate. 












17.12 


1425 


125.5 


108.76 


4444.38 


.7603 


II 


II 












17.12 


1400 


128.2 


108.77 


4449.00 


.7662 


II 


11 












17.19 


1400 


120 


101.82 


4256.50 


.7368 


II 


II 












17.19 


1350 


12:).5 


102.63 


4239.66 


.7461 


II 


II 












17.42 


1300 


106 


8 {.51 


3711.41 


.6839 


II 


II 












17.38 


1300 


114 


89.81 


3859 00 


.7090 


•< 


II 












17.88 


1200 


124.T 


90.70 


3838.38 


.7206 


•< 


II 












17.4S 


1100 


125 


83.33 


3866.68 


.7079 


It 


II 












17.65 


950 


125 


71.96 


3197.18 


.6750 


i< 


II 












17.75 


800 


130 


63.03 


2936.63 


.6404 


it 


M 












17 75 


850 


123.6 


63 62 


2928 04 


.6481 


•< 


II 












17.84 


700 


127.5 


64.09 


2666.18 


.6021 


<« 


11 












17.92 


676 


123 


60.31 


2512.67 


.6068 


•t 


II 












17 92 


650 


126.5 


4).83 


2601.81 


.6886 


i< 


II 












18.04 


600 


131 


3.1.69 


2224.62 


.528T 


M 


l« 












18.03 


650 


122.6 


40.83 


2221.03 


.5398 


l< 


II 










17.09 1 


1400 


1-26 


106.91 


2449.00 


.7448 



Tait ^Vheel. 

Sint iy Tlirmai Tail, nachaUr, X. T. 




Thl» whctl dliehugcd downwBrd. 
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D>U beloir for one mlnale. Maltlply rpToIiXicinii by 



iron bnckeu, left tqnu-* 
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Hercnles Wheel. 
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Hercnles IVheel. 

Sotgoki NacMnt Ce., Bolyeke, Maw. 
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HonstoD Wheel. 

If bg Falei .£ JinlU JfacAiae Co., IVatuettl, A. /. 





Ta ti0 gtifflntemiuMng Bydro-Dr'iaiiilc X3^>tl1maat fir Waltr Ffetr Or., 
Bolji<>ke, Mat: 
GiHTLiifBH : Tb« whscl vbictmre lud tcMed byjoa wu as cxpcrlmtntal 
otw, dlOeriag Mmewlut from [ha othan haretafore teatwl, uid bsm wlul wa 
fnmiih our cailoniEn. The malu ;aa obUlDed did DOC irunnt ni In eonliiia- 
iPK It* Eomaofactiua, so It hu baen ftbujdooadi uid w« Iutb ntunwd to oar 
ot^laal pluu repnuiiied iboTe, 

BaipectfOllT, 

60LIJVAH HACHIHB CO. 
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by 15. Nov. 28, 
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Sherwood Wheel. 

SO-'nrA tcie/l. 
Downnrd dlKhaige, tlmllar >o IbcRlHloa, ndcli plain cjrlindernU; badtifiB 



Dita below Ah- 


«. 
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««. Md 
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by 10. 


OM. J. 1B79 
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Bayer IVbeel. 

fl, trni if B. R. Boyrr, Kp^rata, Ah 
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Konarch 'Wlieel. 

BH^bv Atbnd it KatlUck. Rmdlcman Mfg Co., mgh J^nl, S. 0. 




■hill.ba 
I*IRl.b. 



le oCIwr, ths udddls «h«l being looM on 
«)ds bolted finnly to the euib— utuged la tbli manner IkiE it might 
:■ to ths lower irheel. Chotelsiidgiitel tonppBrvbecllloiilU' to ths 
to yurf iMikj M to be anjUiIng but cradlubla tfl the norkmanehip. 
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W. A- CHABB. -EMU.. 










Dtar Sir: I ban a tnrbln 


water wheel, fln 


ihed : tlie 


sixteen Inchea— ■ new 


iDTention, wtaleb bu not bee 
iKlct, and Incrtaiet tlu pom 




eicenlbTrnTHif. 
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^Bne-ouarUrov. 


BT ai-y Klu 
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■herl rnn over tight Motik power, u 


der niu 


fnol Had 
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becDth 
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DrbinepUni. It !• hardir poatibla 
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hopes of clrcumTenting r.atoro in its claim for friction and waste* or, what is 
more generally tlio case, hoping to achicYO ** perpetual motion " throng^ a douhla 
use of the same fall of water. Boydcii's *< DUTascr," or the ** Doable Torbincs " 
of Wjnkoop, Leflcl, or anj other moke, hare proTcd equally fallacious. The 
highest results have been obtained from the tingle, simple plans. As the most 
eficctive means of presenting this fact to Mr. CocUsch, the Monarch was first 
tested in the combined form designed. The results may bo seen in the first table 
below. Then the lower wheel C and chutes B were removed and the wheel A 
alone tested ; results obtained in the lowest table. Whenever the clllciency of a 
single turbine is increased by the addition of a second wheel or diffuser beneath, 
it may safely be concluded that the upper wheel is defective. 

Data below for one minute. Multiply revolutions by 10. Nov. 15, 1879. 



Gate Opened 


Ilead 


Weight 


ilcv per 
luinute 


Horse 
Power 


Cubic 
Feet 


l:'cr . 
Cent 


Whole Gate 


13.48 


75 


265.5 


6.09 


420.92 


.4145 


• • . 






18.4d 


85 


250 


6.40 


423.66 


.4326 


• • • 






18.49 


95 


288.3 


6.86 


427.76 


.4592 


• • • 






18.51 


105 


223 


7.06 


429.11 


.4708 


• • . 






18.51 


120 


207.6 


7.64 


429.14 


.5025 


• • • 4 






18.51 


130 


172 


7.56 


429.14 


.6007 


• . • < 






18.51 


140 


182 


7.72 


430.50 


.5135 


• • • < 






18.51 


ISO 


166 


7.51 


433.24 


.4978 


Gate closed 6 turns. . 






18.51 


130 


194.6 


7.G6 


430.50 


.5095 


M <l 10 «. 






18.51 


185 


187 


7.65 


430.50 


.60ST 


« <( (i <i 






18.52 


135 


187 


7.65 


429.11 


.6096 


CI II 15 II 






18.53 


135 


193.7 


7.02 


418.13 


.5411 


II CI (i II 






18.52 


140 


187 


7.90 


415.47 


.54S6 


II II II II 






18.55 


130 


194.5 


7.66 


8S3.11 


.5706 


II II II II 






18.56 


140 


179.5 


7.61 


876.41 


.5767 


II C. II 11 






18.67 


75 


152.6 


8.46 


242.80 


.4135 


II II 11 II 




18.S5 1 


95 


181 


5.29 


2 '2.24 


.6139 



.After the above tests were made, the lower wheel and set of chutes were 
removed. 











Test of 


upper wheel A. 








Whole Gate. , 


.... 


18.32 


130 


267 


9.00 


602.24 


.4319 


II i( 


. . 






18.33 


140 


229 


9.71 


694.81 


.4405 


M 11 


. . 






18.34 


150 


184 6 


8.38 


687.40 


.4119 


Gate closed 6 tarns. 






18.34 


130 


2T0.3 


10.64 


605.23 


.4847 


i« •< II 








18.36 


140 


232.6 


9.86 


600.75 


.4775 


II II 10 








18.35 


130 


277.5 


10.93 


603.22 


.5210 


II II 14 








18.37 


140 


232.5 


0.86 


600 36 


.4813 


i« II 15 








18.37 


130 


293-6 


11.56 


678.54 


.5759 


II II 11 








18.38 


140 


247.5 


10.60 


665.33 


.5350 


II II 18 








18.39 


130 


230.5 


11.41 


639.11 


.5969 


II II II 


.. 






18.37 


140 


239 


10.17 


624 63 


.6587 


II II 21 








13.46 


110 


267 


6.90 


429.14 


.5942 


CC CC CI 








18.47 


105 


235 


7.47 


404.62 


.5292 


CC CC 22.\ 




f 


18.65 


75 


263.3 


6.98 


817.65 


.5344 


CI « 21 




• 


18.62 


60 


215 


8.25 


212.80 


.8806 



New American Wheel. 

dSHnek vikeel. tent by Stout, Xilli * Ttmplt, Dayton, OUo. 
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Hercoles Wheel. 
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Hercules Wheel, 

Mlyott MacAint Co., Holyoti, Man. 
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Boyer Wheel. 

S4-inck wA«t, HfK by R. R. Bogtr, ZJUtrola, A. 
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UoN than ordinur paiiu iraa taken to obtain a deciiire trial of 
this derice, not bam *nf belief in ita aaperior efflcienc^, but ba> 
canie eyelonic mindj, Uled with vorti(o*t Idea*, are £ar more abun- 
dant than ia geocrallf realized, not onlj with the illiterate bnt 
qnite ai plentiAillr with the educated, the tarbine user a« veil as 
bnilder. The cyclone, the whirlpool and centrifogal force hara 
been harped upon in connection with -turbine bnildiog since the 
conception of that bnaineBs, — Uriah A. Boyden and tlie author of 
the cyclonic alike trying to profit '.hereby, to gain something from 
nothing. It should be plain to any lerel headed person that to 
produce a centrifbgal furca of one hundred ;)oundi, a somewhat 
greater fbrce must be expended to do it. Were the rererse the case, 
then " perpetual motion " would not onlj ^je possible, bat would be 
Tery' philosophical. The fbllowing explanation and description is 
bf the author : 

Ths Uw) tbtt nreni ths acUon of thii wheal, u It* nuna ImpUta, ti copied 
ttoca NBtorr, aaiTli Ibaiidid on ib« piisclplei Bud Um thiiE gorern 'Jia mUrr 
motion of the Qrclons—tlia ^nit motor cnglua of one atiooiphgro. Hi) a well 
knowD tecl In n>^lenToloK7, tint Hi *torm>. from the inulleiC whirlwind to 
the mMt exlended cfolone, ire traualUed iiIod([ Iheir CDunw in ■ mpid Tortl. 
cow motion, rcTolTlnK iround lit uta, which is ilie poiot of leweil hwometc)-. 
ImmedlaUly the Tspoi ladoned ^ir tu<bii]g uloog the eutb'ii rorftcg from points 
of high baromater, riie to aplTBlfl till Ih^j reach the cooler aurraota of the upper 
atmoaphare, iiid thara mpldir coadaue Into clund) and ii^n, lelllng fne lb* 
•— •• heat pfodncad by csudeaaHtion and Breallr eipandlDg the innoundinB 

Uaaapesa^nlljrnpwania'wiVh tba powra^ both furcea combined. It &lhe 
opwwd, twiadeg vartlcoM motloD that maket the tornado tba moat dattrnctiTa 



atsuipbara and GoireapandiDglj Inenaaiag the polntofloir baroi 
n^d rotarr moUoD oalUlDtopliylbecfntripetHlaDdcentrUii^i fon 
aalDgalmoiteqiidlyin appMita dlnctloas, and on both 'idei of the whb-llngi 
I. 1 — ._ npimda with tba power of both furcea combined. It Is 



IZ; 



aogiiM that eomea wilhin oar ciperlaaoe, and •■nature erer followa tbe Una at 
leaat rsalMauea, so it nuut be the nunt perfect and powarAil mechanical 
eontrlTUca with wbiob wa are acqaainted— air aod water in motlan being goT- 
•inad by the aame Iswa, with tba aioeptton ttut air ii compreatlble aod elutlA 
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la Older to meet the difTerenoes, I hare made the upper part of mjr wheel « 
tarse air chamber, then, an the water comes up into the wheel, instead of 
ctriking an iron plate, it strikes a column of oonlined air, and by the force of 
olasiicity, it is thrown back upon the wheel without loss of power and escapes 
iMrizontallT at the perimeter of the wheel— thus doing away with moal of the 
impact ana llriction which seems to be a neoeesItT to moal other wheels. The 
^alm4 that I hare got allowed are, fir>t, the air cnamber, which is described as 
spherical, snrmounfing the wheel; second, a acroU shaped flume, with a central 
aperture through the top plate oorrespooding to one in the lower section of the 
wheeL The water enters the flume and is made to assume a irortlcal or ^clonic 
motion before It reaches the wheel, so that the wheel does not hare to expend 
the power in changing a direct motion of the water column to a rotanr or roiral 
«ne, out it gains in power firom the raplieation of the cyclonic motion, wnich 
the water has gained in passing througn the flume, so that the wheel gets i>ot 
only the head pressure but that due to the acquired centriftigal motion. The 
Talue of this wheel seems to be, first, in rapid whirlpool motion before it 
touches the wheel, and consequently does not hare to perform that labor; sec-, 
end, its great Telodty of reroiution ; third, the water coming in at the center 
and flowing outward jnakes the most of centriftigal force, which force is addi- 
tional to head pressure, and will increase in proportion to the square of its 
velocity ; fourth, a small wheel will do as much work as others two or three 
sizes larger, because the pressure, being greater, will discharge more water 
through the same rent with corresponding power. 

tt-inch wheel; six outlets, each Sf inches sqnaret 
Data below for one minute. Multiply rerolutions by 10. March 10, 1880. 



Gate Opened 


Head 


Weight 


Rev per 

minute 


Horse 
Power 


Cubic 
Feet 


Per 

Cent 


Whole Gate. ..*... 


17.10 


aoo 


000 


0.00 


a07.20 


000 


** ** 


16.98 


50 


380 


5.75 


460.87 


.3000 


«• «< 


17.03 


75 


299 


6.70 


428.40 


.4861 


(« <( 


174)2 


100 


204 


6.18 


892.29 


.4001 


«« «• 


17.00 


ao 


352 


6.40 


443.41 


.4496 


«• «« 


17.00 


70 


321.6 


6.81 


437.96 


.4842 


•( « 


17.00 


80 


288.5 


6.99 


425.77 


.6113 


4« t« 


17.00 


90 


252.5 


6.88 


400.61 


.6231 


it (« 


17.00 


85 


266.5 


6.86 


406.93 


.6250 


(« <l 


17.00 


85 


247 


6.86 


884.36 


.5153 


•*•*••• 


17.00 


75 


390 


6.60 


402.92 


.6094 


<( 4( 


17.00 


65 


323.6 


6.87 


420.36 


.4719 


** ** 


17.00 


50 


195 


2.95 


268.93 


.3416 



Another test of same wheel, the outlets being enlarged to 2| inches square. 



Whole Gate 


16.93 


230 


000 


0.00 


416.31 


000 


«< « 












16.80 


75 


322.5 


7.82 


564.50 


.4086 


«( <( 












16.80 


85 


289.5 


7.46 


655.81 


.4224 


•« «• 












16.83 


95 


262 


7.64 


522.86 


.4637 


•* « 












16.84 


105 


235.6 


7.49 


608.60 


.4630 


«« «• 












16.80 


100 


246.6 


7.46 


515.76 


.4558 


•• i« 












16.82 


90 


278 


7.58 


534.23 


.4466 



Hnnt Wheels 

y B. B'iMt Jr«*l<u Co., Oranti, Man. 




U-lndi whHL Domnrud ud outward dlschti^. 



I>M«l»la«IOroiH 




int 




by IB. M.r».lSM. 


QUa Opened 


H,«i 


Weight 


i^^ 


& 


Cublo 
Feet 


Cent 


Whole QUs 


17.7S 


IMO 
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000 


3411,00 


000 




















H.00 


















n'.i» 






U.78 


OHM 
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.M» 


" " 














HO 


1M.( 
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M.43 


IWgJM 
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.fiOtl 














ITM 


TOO 




4&.M 


1044.44 


.««• 














17.M 




IM 


4T.71 


»«a.it 




.1 - 












17.79 


SM 




M.U 


32«B.I)T 


JW 


" " 


_ 




_ 




_ 


17.TO 


WO 


ua.8 


W.1S 1 3361.1E 


.1481 



. Hunt Wheel. 

If bv B. HsKt Machhu Co., Ortmg', JThm. 




KMnch vbmL Dawanrd ditchargs. 



Tbla wheel wu made frtna the tune putenu u the ose npon Bie oppoait* 
pifcge, but the hoop Htended down lo the hottom of the backet, campletelf 
clfulDg the oaCwsrd dlBCbu-ge. The sbslt of e*ch wheel wu eilni he*V7, or ol 
Ittrge dl«met«rj w tbey wen mmde to work under high headk 
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GM opened 
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Weight 


ReTpei 


ftr. 


?s 


ci^t 


Whnls <3ste 
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ooo 
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SM 
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e8.7S 
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.7098 
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,27 


aw 


























,21 








1204.10 






















2M) 




20!l8 


12M.M 
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17,68 


875 


11»0 


»!m 


2MJ80 


,7874 



Mercer's Reliable Tarbine. 

M-(iK* ahttl, lint bn Xerctr * BUnmaa, Laneatt 




'UJ 



Doimwtri dSmiaige. Ontiide regUtcr gita. 
Data bckn for ou minaU. Mnltlplj nTolutioiis bj 10. Mi 



Reehard Wheel. 

>4-(ncA iihte:, uat bg Otorge F. Bauflktr, york. Pa. 




Tnrblni bnlldln;, Uk« the olhfr arW, MarMd with law bcgbmlan, bow far buk 
ItlilmpouiUelodetemiiiK. WiOEr wlieeK working upon vtrtldv >hint, wrre 
ntcd o'Dluriu (Inw. The tub wheel, wlLh bucket! rnadi n[ wood, •ml >liiiiird 
■Db>UntliillvlikethoMoftlic JoDTulwhsel, werelheMrlleitlumyKcollecIlnM, 
tboilKli tbe ImpiKt, flutter, underahot, breul and onnllM w«n kIh cnmmoD at 
thu time— all of wblcli vera obJecUonitble under cvntda condlllnni. FniiniFjmn, 
Jonval, PHrlwr, fiordcD, Hid many olbeni •ttempted to produce wherit trcf 
team sucli ob.cenana, but, in dolnji lo, oTerkwked the eucnual feature accewkry 



187 



In supplying a mill with motive power, a snrplns for'emergencies is absolute] j 
necessary. Tne plans of the builders alluded to were generally capable of pr«> 
ducing wheels reasonably efficient, when working with the maximum supply of 
water that would pass through tlieir openinf». Half that quantity would nardly 
turn the wheel to speed. Consequently, with such wheels in use upon our van- 
able streams, it was necessary to have them so small that, during nine months 
of each year, from half to three-fourths of the water would run to waste over the 
dam, or the works must stand idle through the dry months — ^a fact that prejudiced 
manufacturers to such an extent that breast or overshot wheels have been dis- 
placed with reluctance. 

Mr. Rcchard, like a few other recent builders, has worked upon a different 

5 Ian, as may be seen by an examination of the tabulated results below, or in the 
iagram connected with this report, instead of striving for high results at full 
|[ate, where a turbine is seldom used unless during back water, when the quan- 
tity used is of no account. He has so arranged chutes and buckets as to srain 
bis cighty-five per cent, at three-fourtlis gate, or at the point at which the wheel 
is most likely to be used, instead of from thirty to sixty per cent, that would be 
realized by the use of the Fourneyron or any of the carl^ whole gate turbines. 
Wheels equal to the one tested of this make are far superior in efficiency to any 
breast or overshot wheel that can be produced, no matter what the head may 
be ; and such wheels enable the user to get the Aill benefit of his stream, either 
in its highest or lowest supply. 

The results below show this wheel to be the most economical in the use of 
water at about three-fourths discharge ; and Mr. Baugher takes the rerj novel 
eoorse of tabling the capacity of his wheels at that point, thus insuring the pur- 
chaser not only the AiU power represented in the table, but a surplus for emer- 
gencies. 



Bata below for one minute. Multiply revolutions by 15. June 8, 1880. 



Gate Opened 



Whole Gate 

«i <i 

(I II 

II II ^ ^ 

(I II 

II II 

(4 41 

. • * • 

<l <l 

«l II 

Part Gate. . *. *. '. ! 
«< II 

•I •• 

•I II 
••II 
•« •« 
••II 

•• •• , • . . i 

• < !• 

••II • • . , 
••II 
•I i< 
•• II 

•« •• ! , . , . 
II •• 
i« 11 



Head 



18.03 
18.05 
18.05 
18.05 
18.04 
18.00 
18.04 
18.02 
18 02 
18.18 
18.22 
18.21 
18.26 
18.28 
18.84 
18.88 
18.80 
18.41 
18.40 
18.46 
18.52 
18.51 
18.65 
18.62 
18.61 
18.07 



Weight 



660 
800 
325 
350 
875 
400 
340 
860 
870 
325 
300 
825 
300 
275 
250 
225 
225 
225 
185 

aoo 

150 
150 
150 
100 
80 
80 



Rev per 
minute 



000 

280.6 

260 

252 

234 

215 

257 

244.5 

235.5 

247 

255 

236.5 

255.6 

253 

2535 

253.5 

248 

244.5 

251.5 

240 

250 

247.5 

233 

243.5 

257 

224 



Horse 
Power 



000 
38.25 
30.73 
40.09 
89.88 
89.00 
80.71 
40.00 
80.61 
36.48 
34.77 
84.93 
34.84 
31.^ 
28.80 
25.02 
25.21 
25.01 
21.16 
21.81 
17.04 
16.87 
15.88 
11.00 
0.34 
8.14 



Cubic 
Feet 



1749.83 

1669 60 

1678.15 

1686.64 

1703.67 

1712.20 

1669.48 

1602.31 

1695.15 

1356.80 

1288.13 

1296.38 

1102.19 

1153.92 

1070.06 

977.66 

060.73 

040.29 

851.60 

860.20 

728.20 

721.57 

086.43 

666.01 

684.91 

462.20 



Per 
Cent. 



000 
.6710 
.6944 
.6072 
.6870 
.6700 
.6808 
.694a 
.086fr 
.7829 
.7844 
.7851 
.8481 
.7987 
.7708 
.7639 
.7566 
.7fOO 
.7123 
.780& 
•6689 
.6687 
J680O 
.6662 
.4868 
.6104 



The Emnomlcal Tnri>ine. 

t-t-iitch alutl, tiiU by S. JtarUii, 1 



Tbl* tnrbiD* onriMtd of 
one of u outwiid diBcliu^€ 
Bpper wheel -'— - 

Daring thi 




ir pl^n downwud dUdiarge wbce) abar* 
lollder dEdiwd to hlrs ■ test nude of tba 
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JiBM 


Beoond UK of »me wb«el, uea oT 




being r« 


ueedio 


3<qiiue 


iDcbes. 
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lg.M 






B^T 


aM,4« 





Stowe Wheel. 

Ill, tail ku JC. W. Rag, Sta. 




Dilution tfl Qpon the i ^ „ , 

which open two M a time, up to siileen ia all. The pUn of elaaing * put ot ths 
diatei or backeUot itarbiDe, for the pnrpau oF niliig the WBler (coDomicillj 
with ■ pirtlal aapplT or »t " pun eate, liu been tried bi »ll of our nolsd tar- 
blDe biQidere, ukTIb ■dU ■ brarlte idea witb atnaCeun or loeiperieiieed penoni 
laleivited in socli matter*. Wallet 8. Daria. of Warner, N, if., pttented apUa 
uearlrldenllcal irllh that of the Stowe dboDt 18T0. J. B. Case, ofBrlnol, CC, 
«lao, at aboDt tho nuao lime, patented a plan tho flome in priodple, thonvh 
dUTering in det^. 

Data beloir for one ratnote. MnMpIj revolatloni b j ID. June IT, 1SW. 





Bead 


Weight 


^Zl 


pH™ 


Feet 


Per 


IS Gatea Opened. . . . 


«.M 


756 


ooo 


0000 


1420.48 


000 




















.7360 












160 




aaloo 














viM 


Md 


sm 


20 SI 


1150.00 


:T484 










18JJ* 


m 


an . 


30 






.7674 










1B.0t 


no 




10 






.reoB 










18.06 


an 


zoo 


10 






.7668 










I8.0S 




VAJ, 


11 


ST 


lie8.M 
















363.6 








!t7so 












4» 


341.6 




SO 




.T7no 










\is& 


430 


345 


11 


03 


1313:44 


.7729 












m> 


188 


32.44 


1324.08 


.7TB6 
















11.26 














itIm 


600 




33.45 














n.»» 


600 


302 




1293:31 












)s,2a 


900 


340.1 


















136 


331 




e«8:e8 




B ;; ;; 








)S.33 


a36 


344 


lailB 














18.11 


»6 


340 


VtM 


T44:00 


.86*3 














333.6 


17.13 






a ■< 












333 


13.86 


66i:e8 












18.43 


1« 


g 




M3.4S 
3M.4S 


iaoii 










isiw 


w 






M3.17 


:4063 










».« 




134.1 




8H.67 




3 " 


_ 


__ 


_ 


18.18 


to 


310 


3.18. 


203.18 


.4648 



Hart Working Oate. 




To ataertaln the coaipu-MiT* 

dIui the Mli>ii_„ — , 

Bd for the poTpoie. It wu 
r cent. WBMU nportad 
bDlattnv md* ahd ccand leTen were -"• 
Hunt wh»l nponed upon aiiotherpafie. 
Un other lida np from whM It li llfaitn 



■IHH oi gate openlui tl 
tarblne vu Hlecud for t 

putcriu thg M per cent. .., — ~- 

bolattog mdi u>d ccand leTen were changed to the pUu It 
" ge. Aa the gue niMd li 



lida np firom w: 

' *-— li reprafCDlcd u lb* bottiHn, mnnlng op, mmI 

1. IB Oit condhloD tha wheel W4a canlbllj u 



Data below for 
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OaUOpaiud 


Haad 


Weigh 


^S^ 


Hone jCnhle 
Power 1 Feet 


Per 
Cent 


Whole G*ia 
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Wfilm WiaL 



ItaU below to 


ooemln 


te. Md 


tiplyte 


olntloMbjlS. 




G«« Opened 


Held 


Weight 


mtaJ^I"™ 


CDbie 

Feet 


Cent 


Wlwk a* 


18^ 


TOO 


"iri 


M.40 


M1.T1 


.oD&a 






la.n 


m 


103.T 






.8080 














008 sa 


^49 






isiai 








088.68 


.8088 






1S.!1 


800 


140.T 


M.48 


OTT.40 










740 


102.1 


S4.AS 




MW 














»S3i48 




pMtOjWi. . 




isijs 


TOO 




M.SS 


niM 


'.twi 






i».M 


T« 


IS4,S 


62.M 




.nes 








TM 


1H.& 




Ke'.oa 
















8a5.Bi 


^7838 






M.M 


TOO 




40:41 


»£»JSEI 


.■ma 








STB 


iao.i 


4S.M 










ulso 


Mi 


1SI.8 












18^ 






tS.M 


TISJO 


!ttoo 






IMl 


«» 


160.8 


4t.«l 


na.a8 


.T«8S 
















-Tses 






)S!S4 


188 


1U.3 






.1420 






18J4 




188 


40.gi 


806.18 


.7861 






IS^ 




18S 












18.40 
















18.40 


408 








.6043 






18.40 


180 


!«»■ 


KM 


J«8:88 


.0028 






WM 


430 




30.11 










1S.48 










.0401 






ie.4j 


400 




K.ia 


ia2T!4i 








18.63 


140 1BS.6 


M.0* 


.1W.(» 


Jim 








stt leo 


aa.ss 




.BT81 


" " 




1B.6S 
I8.M 


s«o lu 


n.8* 


18t.4ft 

1000.00 


JI7M 
.BMl 



Easji Working date. 




Bancc of tho fMe hnlDB been cat CBtirel/ 



DtU bElmr for one 


nta 


M. Ma]dpl7» 


roIuHani 


b7l6. 




""Gm. OiH»d H(«l 


Weigh. 


B.Tp« 


Hon. 
Power 


'•f.'sr 


Cent 


-Whale Que. 18.» 


TOO 


m 


H.8I 


21X36 


•TTIB 










■Hi 


I7i.i 


68.48 


2130.40 


.7M3 






11 


15 




























liesi 








12 




'ih:6 


sells 


3188:30 


.7848 






18 


IS 


IW 








.7800 






If 




760 






aiSB.sa 


.7800 


PsnGiUe. 








1«) 








.T4B4 






« 


w 


7« 


mi:* 


64:«8 


ao«o.4i 


.7688 






IS 


M 


las 








.TUO 
















,7aiT 








TOO 


181.6 


6i:» 




.T880 






18.» 


876 


188.8 


11.13 


201T.4S 


.7S4T 






WM 


aS6 




47.48 


JWM 














48 48 
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«2t 


188" 




im'-w 
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1666 


42:40 


1860.02 
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.1031 
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41.M 
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1S7.7 




1737.17 
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«H 
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18.87 


«0 


18T.S 
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im:iT 


.WOT . 






1«.«2 
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81.1S 


1801.01 


.6<00 
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.6818 
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80:4G 




.Hsa 






18.48 




1»' 


34.11 


1468:i6 


.4868 
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18.61 
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01.6 
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1184.10 


.4021 






I8.M 
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1381.40 
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^ " 
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140 




10'.68 


1077.W 


sm 



EXPERIMENTS 

WITH 



Gears, Belts and Draft Tubes. 

[These experiments occupied the time from March 18 to 

April 23 inclusive.] 



In presenting these results, it is not pretended that they exhaust 
the subjects, for such is fiir from being the case, as eyery change 
made, no matter how slight, caused a change in the rate of trans- 
mission. The best results obtained are giyen, while the conditions 
under which they were obtained were certainly quite as fayorable 
as gears and shafting are likely to be placed in mills. The great 
loss in transmission through the spur gears was entirely unexpected, 
and the experiment was repeated at intervals, during several weeks, 
with substantially the same results at each repetition, and it would 
seem desirable to make a more exhaustive trial by trying a greater 
variety of gears of different make and relative proportion, and par^ 
ticularly of gears made from the same patterns, but of different 
brands of iron. There must be some discoverable cause why one 
gear will run without perceptible wear for years, when another, put 
in to replace it, cuts out in a day or two. So of water wheel steps, 
where two wheels, seemingly alike, placed in the same pit, with one 
the step lasts for years, while the other requires a new one monthly. 
Is there not some property in the iron that causes such different 
effects? At any rate, it is hardly worth while to spend time, brains 
and money in efforts to produce turbines and other engines of the 
highest efficiency, unless corresponding efforts are made to transmit 
a reasonable proportion of such efficiency. 



To find the loss of power in transmission through gears, and the 
loss by use of draft tubes, the highest efficiency in each case must 
be compared with that of the 15-inch Victor wheel reported upon 
the next page. 



Victor Turbine. 

» tNCAM III diameler. FrUt, fKO. 



JlP 



Thit irheel «u in u 


"EkS" 


k. to make the feUowliic seu, draft tnbe 

below abow the t1ttit\,ej of th« wheal. 


Gate Opened 


Head 


Weight 


HeTper 

ninnle 


Ho[» 


CuWc 


Per 

CBDt 


Fa 


Die Gate. 












I'sn 
sioo 

11 

8.08 


320 

s«o 

»0 
380 
MO 
MM 

SM 

auD 
sw 

SJ* 

SOT 
250 
330 
MS 

lOS 


821.1 
KW.C 

334.G 

SM 

SS1.S 

SMis 

to* 


II 

KM 

11 

ae.N 

is 

10.33 
9.78 


MB.M 

OTi.so 

9a3!33 
M1.B8 
8BT.0O 

HH.OS 
Ul.N 


Jim 

MM 

.OITi 

.«SS1 

.RMt 
JIIOS 



al alleradona hariiig been made. 



I »0.«0 I WI.W I 



Th6 reeolti obtained from a K-incli Bojrdro wheel, priw »A00. teited in the 
eano place and uoder pr^eUelv the Ktune condition! !• heii< given. The Borden 
whael, toweTer, had a aort of flanged gate xpedHiljBtled Tot the trial. With the 
ardlnarr gate, the reinlti are ehown in the lowe.t table. Made at Ame* Work*. 


""■SS'sr-;:;: 


13.14 lU 

U.3> 1 13 


SO 


SJM ■3&.W .3333 






239.3 


B.3T 1 S30.S8 1 Aim 



Braft Tube in Backwater. 

to wLctbem drun tuba M 



al the flunu In the l 
nodcrUieniUIiead. 

dnit talnofthB>ib< 
lield ths brid|{e-trec 




Draft Tobe Experiments. 




In jircpBrlnp for these Mati, tbc wheel wu placed lOfertsbon the flume floor 
npnn Uie lop nf adr.ifL t>b« 23 loche) lulde akmecer, 10 feet 4 inchea in length, 
Buulta OD oppoaile page. 
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Bbfabtmiht or thb Intbbiob, Ukitxd Statxs Patbxt Owwum^ 
WMhingUm, 2>, C, June 17th, 1880, 

8ib: In reply to yoor letter of 14th Inst., yon are informed that the recorda of 
Ihia office ihow that the first patent granted for " Draft Tube for Water Wheela ** 
was issued June 28th, 1840, No. 1668. It appears to hare been the iuTention of 
Z«bulon and Austin Parker of Licking Co., Ohio. The patent was issued t* 
Zebulon Parker and B. McKilby, administrator of Austin Parker, deceased* 

BespectfoUy yours, 

r. A. SBBLSY, Chi^ OUrk. 

Jaxis Siubsox, WilHmansett, Ifass, 



Tests of 16 inch wheel placed as shown on opposite page. 

The wheel was for less steady during this trial than when placed at the bottom 
of the flume. As the tube was surrounded by 8 foet of water, of course there 
was no leakage of air. 



Gate Opened 


Head 


Weight 


Bey per 
minute 


Horse 
Power 


Cubic 
Feet 


Per 
Cent 


Whole Gate 


17.78 


285 


822 


27.80 


960.61 


.8661 


<« 44 ^ 










17.77 


296 


807.6 


27.48 


967.86 


.8648 


<• • «l , 










17.77 


806 


201.6 


26.94 


961.18 


.8362 


M «• 










17.79 


270 


846 


28.2i 


964.62 


.8790 


•• U ^ 










17.78 


276 


886.8 


2S.02 


964.62 


.8741 


" " 










17.79 


280 


826 


27.66 


961.18 


.8869 


«l . «« 










17.80 


276 


888.6 


28.20 


967.86 


.8787 



Test of the same, the lower end of draft tube being unsubmerged. 
Whole Gate. .... 



I 17.80 I 100 i 266 I 8.06 I 



Second test of the same draft tube taken Mreral days later. 



Whole Gate. • • • • • 


17.91 


200 


849.8 


21.17 


869.88 


.7194 


(( 44 , 












17.87 


280 


866.2 


24.82 


987.00 


.7848 


M •< , 












17.82 


260 


362 


27 42 


967.00 


.8612 


M <• 












17.81 


260 


864.6 


27.93 


967.12 


.8^86 


M •• 












17.81 


270 


841.7 


27.95 


974.77 


.8628 


M •• , 












17.79 


280 


325.6 


27.62 


988.76 


.8368 


Part Gate. 












17.96 


200 


828.6 


19.90 


789.76 


.7428 


4( t< , 












17.96 


190 


840.7 


19.61 


783.48 


.7888 


M M 












18.11 


100 


866.6 


10 80 


660.66 


.6788 


M M 


I^MB 






^^^^ 


^^^^ 


18.11 


110 


846 


11.60 


649.22 


.6122 



The wheel was more difficult to control with brake than during the first trial. 
It took a long time to clear the tube of air. Quite a number of tests were takes 
before anything like the power due the heaa could be obtained, though thej 
were not reooraed. 



I 
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Reduced Draft Tnbe. 

Test with 19.inch dntft tube. 

Daring this test the wheel was placed at the top of the before mentioned 23- 
inch draft tube, that haying been diminished in diameter by the insertion of a 
lining 2 inches in thickness, leaving the inside diameter of tnbe 19 inches in 
the clear, and 10 feet 4 inches in length as before ; and, as before, about 8 feet 
of the head abore the wheel. 



Gate Opened 


Head 


Weight 


Rerper 
minute 


Horse 
Power 


Cubic 
Feet 


Per 
Cent. 


Whole Gate 

M i« ^ 
«l 4* 
It l« ^ ^ 
H II 


17.90 
17.88 
17.89 
17.89 
17 88 


250 
260 
270 
280 
240 


854 

837.5 

324.2 

S09 

865 


26.81 
26.57 
26.52 
26.2t 
26.54 


959.52 
961.18 
964.50 
966.17 
957.86 


.8264 
.8185 
.8187 
.80C9 
.8204 



Test of the above arrangement the lower end of tube being unsubmerged. 
Whole Gate. I I i I 7 

14 l« 



130 
140 



860 
367 



14.58 
16.57 



Draft Tnbe Again Reduced. 

Test with 15.inch draft tube. 

Continuation of the same arrangement of tubes as before, another lining 
having been inserted, leaving inside diameter of tube 15 inches; length, 10 
feet 4 inches, as before. 



Gate Opened 


Head 


Weight 


Rev per 
minute 


Horse 
Power 


Cubic 
Feet 


Per 

Cent. 


Whole Gate 


17.88 


200 


876 


22.81 


890.78 


.7584 


II M 


17.87 


225 


386 


22.90 


808.97 


.7546 


14 l« 


17.85 


250 


296 


22.42 


905.53 


.7889 


14 il 


17.86 


240 


810.6 


22.58 


905.53 


.7891 


II II 


17.86 


230 


824.5 


22.61 


902.25 


.7429 


l< II 


17.86 


220 


880.5 


22.63 


808.97 


.7462 


l« II 


17.86 


210 


855.5 


22.62 


894.05 


.7500 


If II 


18.08 


125 


8385 


12.82 


591.92 


.6343 


Gate open two-thirds. . . 


18.24 


70 


822.5 


6.84 


415.42 


.4779 


•« «< one-half. . . . 


18.24 


65 


829.2 


6.48 


415.42 


.4527 


•• " one-half. . . . 


18.24 


60 


838 


6.14 


411.87 


.4883 



Test with the lower end of draft tube unsubmerged* 



Whole 



«i 



Gate. 
II 



200 
225 



865 
823 



22.30 
22.02 
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The Hercnles. 
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, 


beel In S 
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We.g!.i 
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Cubic 
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fxM 







T^il o( wh>cl for poTcr (ftiT It wn 
iu being eemcU lo Uia miuiljiuerj 


nlHnril 1-1 Cha wlieel cue 
■itbem[Uik.->rb7. 


A,udpnTloiu 


« "::::: »:« 


SOD 1 M «§:m 


:x;;: 




Tlow ftf TeMliic Flnnw, Hortiontml Wheel* Mid DnM Tube. 



Cords Wheel. 

Ant Ay OaUi CurtU, Ogdtniburt, If. T. 




upon apriBbE ihsft in tha uiaal wur. Tfa« iulda HglatcT outs hul bern left out, 
M ths cbutea were open Id fall Isil tile <ntei wu kppUed by the haad gaica ul 



Databelo-foroHnilii 


uta. M 


Klply re 


valall«n 


bjlS. 


Oct.M. 


STB. 


GtMOvtati 


Head 


Weight 


miqiite 


Power 


Feel 


<£S 




TM 


2£U 


000 




niGn 





















































































































imra dnilltubeteiirceiliibeiEbt.HshnwtiaLrihenpiKwIM pugt. Tbcd 
Liid flfflnga were fnmtahed by Mr. Curtla, uid upon ibe ume aale IhU be 
had for other wheeli of the kind for milLa. Tha dotted ilnaa In bulk-b 



ic ant put at tbii npoit. 



DaU below far one minute. Multiply rto 


DHona by 20. 








«0 

too 


IW.S 
160.3 


111.70 


STTB.TA 
BT«8.U 


.TUl 
.MM 

:ii«i 



New American Tnieel. 

«Mm* wAMi, Mai br Stnt, JtltU d TimpU, Oaytait. 0U». 




TclU nude to MMiUln vh<th«i lUiinf; lbs onUiuiy dnft 
Iha bottoin iidd* U lu tlidtBey. During ihla irUl the wMur, I 
the nrhee], nuda ■ godiIiidi rumbliDK cr Eamminc Kiuid, what 
. 1.-.1 ---tioiiKr by Ibc ■— -' - 



'hsthu tha vhaelwi 



I>.ti> below tor one mil 


«u. M 


l.lplr n 


TolollonibyHi. 


July J, 


M. 




IlMd 


Weight 


aevf* 


IIor» 


CoWc 
rest 


CenL 


Wbola QbO lOJla. orll liimi 


T.7 


1100 


000 


000 
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Z 


S05.S 


6T.J4 


2IM,« 
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;; ;; 


7,M 


850 


SM 


6l"b7 


103 LM 


















;; :; 


8.04 




MT 


n.oi 


IIBB.M 


.T»l 


" ;; 


811 


430 


lOO.K 




iMi.ia 
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S36 
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UM.H 


.nn 



Hw mT«ra^ effldeney ftom hmlf to wbolfi gAts, .1 



New Americsn Wheel. 




SO-ine 

StUtt of Ibe wheel ttttr ellghtlr redi 
touched the curb during the rurmer trlHl 
whole BiU dBciency U tlie eipcnse of 



idDK i(> dluneter, i 



JHUMowt 


ro-emi 


ule. M 


Dltipljre 


TOlDtioP 


.by IS. 


jBlTT. 


SM, 


GwoOpoprd 


Head 


Weight 


Reype 




ruble 

Keei 


s. 


VholeGMelOlin 


Br « turns 


1157 


mi 


noT" 


MSS 


2487 B4 


T7T4 














Z494!$2 


:isia 






1 .65 




























8Moopea8i.l«B. 






TOO 
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!7M4 










20J 


«.«! 




.IVM 






1 .71 








i32B.e9 
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2M 
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M ■. Jl •■ 


II .. 




3M 


20S 
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3o!otf 
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292. W 
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" " " " 
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KM 


SM.i 


81 .eo 
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New Amerlcun Wheel. 




atUneh Wh4tl. 
Batcit of the hum whtel tttti cbuiglrgr Ui« lUiliig 
Tho nto opcBingi mre the auns Ihrough tha three 
whole nie meuu theoxtremaiirlji^of gHte.lheopeiil 
belDB T( locliBi 011I7; hnitbe gMe hut tomafo the dii 
"tpeiuD^. The iTeruei %n found bj uldiDf the 
ocetber uul dIvldiiiK by that Dnmbcr. 

below for om minute. HnltlplT' reTolatlon 






for * MreUlit dnft tnbe. 
trlftl*. The 101 iDchel at 

UDce Duned to clear the 
IbbtJ teiti of each trial 

JDI7 B, 18 





nead 


Weight 


ReTper 

nilnals 


Po™ 


^ 


£«. 


Thal*Q>l*10J1ii.orT1timii 


„7s 


m 


KKlJ 


•4.S7 


MU.W 


-TTIS 






17:79 
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3D6!l 
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optB M torni. 
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ai.u 
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.TtW 




■' H '■ 
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SOO 
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.7ST* 










n'.fa 
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M.W 


am'M 


•TSW 










1T.S1 








1104 .w 






" f « 
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!7IH 












a2i 


USJk 




1I4S.B3 












i7:s* 


«« 
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m:2o 


MSt.48 
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n f? I! 






17 .1» 




20s 
















1T.90 
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»(I.II 
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aw 
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Z u ',', 
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.T*« 




" ? » 






19.17 










,T11» 
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Experiments with Gears. 




ta duid< tor lb* ^npaaa sf MCetMlnlng ths Ion of p«iraT In iniHBlMtoa 
direncli ff- TonukstlMMtlw bnka. u iban aboTe, vu pUecd ■panona 
end (Mr B fiodiontkl ■hklt^nprasDtii^ " Juk Shaft," Uu other end bcii^ eom- 
. Thru gean. (hiiAa 



ntoted to tiu tnrUDB 



B Mb3t In lb* oiiiM wajr bjr berd sean. T^u 
gODCronilT ftindahad ror tb« purpoM br Iba Ut 
in, Ud. Otbor gax maken wen appllMl to but 



invaiiablj ao] 



Jr ponitlo 



'pjlad to but Done of then 

_ FlaiB eait ^an wllh BD- 

roraUbcd. Tbo workmaiubtp of ttaa gcan, thafti and 
•r upaita to be •lullent andinpnnorlo the BTencB work 
In thlt (idnitjr. Tht (onn of the teeth of the nan wai 
Wldt aTerr change of gcaiB. Bxpcil* wen called In Ut 
coDdnloii. l>ilriBff theae experlmenta the lancat 
ka naed ■pan the turbine (ball u erown eear, whila 
,v ...-V-J— ..,-,.,j„^sha(L- Thebear. 



:eeth of ffeara roll 



ffeara roll loeether io that thej work jut ai aaiiT when drj aa 
iDileatodi th* Bnl trial waa made with irj (ean. The table below 



Data brfow tor o 


umlnobi. MBlUplrrer 


iDtioDabrlO. 






Head 


Weight 


mim?," 


":;" 


r«'" 


Cent 




T.M 

I.»6 

T.M 


IM 

m 


«T.S 


tut 

31. tS 

tin 


ioia.u 

MS.M 


Mm 

MM 
Mtt 



n bslng tkoroaghly lab 
^ I BU ' [ te.M ' 



■mM- 

vk'm 



Experiments irlUi fletra. 






Held 


Weight 


mta?" 


te 


"S 


£ 




IS 10 






T03 
























































































































18 03 


300 






92S.IU 





T«at of abOTC nuaed irrHigeiiie 


BtorgeK 


rs, (ha {cun bcin 


gweUo 


ed. 












































































I.T4 


8!1 


17S.S !!.» 


W«,I1 


.Ml« 



V*rlfl«dan of Uu i 



oorrectlTiilioedAenordlnBto 



I lat.i I ».0i I 



Experiments with Clears. 




TbM of geui couCIaiicd, ■ MCond horlconUl ihilt being lAiei lo tha pNTl- 
DBi kmuinBwnt deKiDwd on fattgoiDg page. This itiift, repRiantlna lh« 
BulD llu Df ituftlnc thronghamUr.iruconaectcd lo ths " Jwjk Sbift " bf ■ 

Eilrof ipnr irenn— the lu-gs one, nbaat 31 iochai dlunster, lllnckfa pltcb. C- 
ich faet, ktrljif *» uclh, wu lecand npan Ihe Hcond horiEDDUl ibiift or miia 
U»> ud wu driTen br ■ gr$i on " Juk 6h^," tuna (kca ind iilich M thg 
>boT«, mod Bbont 16) Incaei diuucter, hiiTln^ 30 teelh. The bnka wh placed 
upon Ihe end ot Kcsod line, the poirer or nbeel belDg (mumlned thronith the 
two piln of ^in, M repreMnlad khoTo. 



D>U below for 


naminn 


e. Unl 








Head 


Weight 


^lauW 


IIorM, 
Power 


Cubic 
Feel 


Pie 

Cent 








lUt 


ISU 


HUB 
























































































































IDO 


iM sa.u 1 »et.aa 


.riij 
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Experiment with Gears. 




CoDtlDiiadan of tin comMsed ipar ud berri fi«ir «xperim«iti, the apDr ikhi 

liiTiDicbEeiiRliiincieil. iLa one baiiDii 4B leelb beinK placed apon tbe "Jicl 
8biirt''ud working inlo lb? ons bsTini; 30 leetli on terond boiiionliUBbtfl upoi 
Trhich tho brake ffm plued— tbt imftUbeTcl gtax bt'iDg a 



D.ta below for 


ne mlna 


e. MuJaplrror 


latioiu br 10. 






Hcud 


Wcighl 


^rnSr; 


II0T«« 


Cubic 
Feet 


Per ■ 
CeDt 




ITM 




MO 










"'84 


2fti 


823*5 






































17 W 




»28,J 


ai.Ti 


»«1.18 


.7Mt 



Ulien HTenl dv> later. 



\ iH2 I BM.a [ .nu 



Anolluittu 


toriheHme 


■rrmnge 


mentmn 


ibcins 


akcndo 


wD.tbeo 


re«t. 
























2«S 








.1*1* 
























aro 


3O0.* 


UM 


971.00 


.ItM 



Belt Experiments. 




> Biv" room fo? pli? 
ther lO-inch plmtform . 
eeliUeir wufintUsud by pluine IbF br»ke on tb« wlitel shift In tha 
That it did not repenl llie effidenc; Bhown prcTioiisly. wu due u 
mulB lo Iha conditions. Pint, the ilepwu ■lleredBomenhtllnrorm, 
rb«e] wu pU«d cnnildr^rsblr sbOTS the floor of tlie Hume for Ui* 
used iboTe, uid the difference in the hend probnbly effected it; bat 



iriieel Test, 

ig mlnatt. HDlUplj nrolutiiMU of whegl bf IS 



GUe Opened 


neu 


Weleht 


Sj^vper 


Horse 

Power 


Cable 


Ts: 
















































































































: :: 












1 M 






H.7* 


7»».ai 


.e«st 

MM 



<|urter-Tiiiii BtK. 



Id ord*r to nuke Ilie cxpcrlmcnta, tb« tarUiie or nr- 
Ocml ihttt wu cODMctFil to ■ hariionttl ihift bjr ih* 
belt, u ihowD: Ih« poJIcfi wen c«h BO Ischci In 
diunetfT, B-loch fKe. Tbc bntks wu pUced Dpoa 
Oa (Dd or the faoiizont^ ihaft.it tlie placs when 
Die woid ■' brake " ii to be leen. Tbt dlO^reiiM In 
cffldenej' ihairii In Ibe table below from Ibit oblilned 
b; direct teat of wheel, ihawa the IohId truumiuloa. 
Tlie belta were kimlly nunithed b; J. V. dunnock, 
ARenl Dwigkt Uill«, Chicopei, Mui. They were M. 
lected ipeclilly for Ihe paipoKi i^ightinchei in width, 
■Ingle but thick Mid eiea their whale Icnph, and had 
been nai^d iiiJGcieDtlr <a injilie them pUuble. Tliej- 
were itretched at tight upon the pulleji ai itwaa 
deemed adiliable, by eipeni preient, to have belt* 
work. The weights namei) In the teala were all ths 
belta woDld ciLiTT- Ueailer wcriebli Hen tried, bat 
tbe belts slipped, and slipped upon the pullej oo tba 
boriKontal ahaft instead of lbs Tsrtical or wheel abaft. 

Whole length of bell, M fget. 

Data below for one' mlnnte. Unltiplj reTolallona bj 10, 



Qal* Opened 


Head 


Weight 


ReTper 


^r 


fS 


a 








SOS 


11 « 


TM.Dl 




























































" " 


3.3T 


ISO 
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Quarter-Twist Belt. 



^Mept 80 ineh$9 in dioMMfor; S-ineh/ao$^ 



. ELEYATIOM 




Whole length of beltt aboat 85 feet. 



Gate Opened 


Head 


Weight 


Bevper 
minute 


Home 
Power 


Cubic 
Feet 


Per 
Cent 


Whole Gale 


12.13 


100 


849.6 


10.50 


724.86 


.6878 


it «« 










1S.00 


125 


310.5 


12.10 


781.71 


.7009 


m» U ^ ^ 










11.08 


136 


805 


12.47 


767.78 


.717T 


M «« ^ ^ 










11.96 


145 


205 


12.06 


775.78 


•7896 


<l «« 










11.95 


155 


281.5 


13.22 


782.00 


.7490 


«l «« 










11.94 


165 


268 


13.40 


788.54 


.7584 












11.95 


175 


252 


18.80 


788.54 


.7521 



2U 



Open Belt 




Whole length of this belt aboat 86 feet 
Data for one minute. Multiply revolutions by 10. 



Gate Opened 


Head 


Weight 


Rev per 
minute 


Horse 
Power 


Cubic 
Feet 


Per 
Cent 


Whole Gate 


12.28 


150 


824.2 


14.78 


709.40 


.8258 














12.11 


176 


286.2 


15.17 


785.11 


.8447 














12.05 


190 


26).5 


14.90 


789 81 


.8350 














11.90 


180 


273.5 


14.92 


788 24 


.8350 














11.98 


185 


961.5 


14.66 


788.24 


.82» 














11.07 


170 


273.5 


14.08 


780.36 


.T980 






_^ 








11.9« 


165 


289.2 


14.47 


788.24 


.8126 



Cross Belt. 




Pulleys the same and in the same position as when tried with open belt. 



Gate Opened 


Head 


Weight 


Rev per 
minute 


Horse 
Power 


Cubic 
Feet 


Per 
Cent 


Whole Gate 

It (i 

«« «« 

*• ** • . . • . 


12.03 
1199 
11.97 
11.96 
11.99 


150 
160 
170 
180 
140 


311 

291 
271.5 
2'S1.5 
817 


14.13 
14.10 
13.98 
13.71 
13.45 


774.17 
778.85 
783.54 
788.24 
769.49 


.8082 
.7098 
.7891 
.7700 
.7710 




215 



PHENOMENAL TURBINES. 

It is here necessary to utter a caution against the selection of 
a turbine from any make because one of the kind has been reported 
as giving remarkable results. Mr. Boyden reported in an excep- 
tional case high efficiency, yet the builders of that wheel refuse to 
guarantee above 75 per cent. ; and tests prove many of them to be 
below that. Stevenson's wheel was reported above 90 per cent, at 
the Birkinbine, Philadelphia, tests ; yet it would now be difficult 
to find a Stevenson wheel in use. The Risdon, reported so high at 
the Centennial tests, is little talked of now. The Hercules, reported 
as giving the highest average results ever obtained from a turbine, 
often gives less, though remarkably efficient, if care is used in the 
selection, as may be seen by the results obtained in the trials here 
reported. The first Wolf wheel tested gave it a reputiition that 
was soon lost by subsequent tests of other, and particularly larger 
wheels. The same is true of the Walsh. As to the small Victor 
reported in connection with the gear, belt and draft tube experiments, 
probably not one in a thousand of that make would repeat those re- 
sults. Two of the same size since tested, under the same conditions, 
sent to fill orders, did not reach 80 per cent, in either case. At whole 
gate the Victor stands unequaled in efficiency, but care is neces- 
sary in selection with that as with any other make of turbine, and 
particularly in the selection of the larger sizes which have not 
proved so efficient as the smaller ones. 

Caution is also necessary in the consideration of the **part gate " 
claims, published in circulars. It can be a matter of little impor- 
tance to mill owners whether the gate is one-fourth, one-half, three- 
fourths or wholly opened, if the same quantity of water is dis- 
charged in either case. Many of the turbine gates may be closed 
one-half without diminishing the discharge materially. The gate 
of a S6-inch Swain turbine raised four inches as its maximum. With 
one inch of that opening, it discharged three-fifths of the whole 
quantity. In a circular before me, the builder states that his wheel 
gives 70 per cent, at three-eighths gate. The report of the test it 
published therewith. The whole-gate discharge is 2300 cubic feel 
per minute, while the discharge at his three-eighths gate is over 
1600 cubic feet per minute. 
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Backwater Under Conditdons Difficult of Settlement 

Many cases of backwater for which complaints hare been and 
■till are being made, hare arisen through the effect of a n^id 
current produced by a fall in the stream or the discharge of water 
from a mill located upon the fall — the current haying carried the 
loose sand, mud, grarel, sawdust, bark or other debris forming the 
bed of the stream down to a wider or more leTel place where the 
velocity was less, and there depositing it, forming a bar acroes of a 
greater or less height, as the case might be, raising the water abore 
causing a fkll below. In earlier times, when locating a mill upon 
such a fall, the wheels were seldom placed so low as to receire the 
full effect of the fall, for, through the abundance of water, the com- 
paratively little power required could be obtained at less expense 
with a portion of the available head. In time, another mill was 
erected further down stream, the dam for which flowed the water 
back upon the bar above, without in any way interfering with the 
power of the mill above. These conditions continued for years 
without question. As the country became settled, the supply of 
water grew less, the power more valuable and better cared for. 
The upper mill was enlarged, the wheel-pit lowered, the wheels 
placed at the bottom, and the bar removed. Of course the water 
from the dam below flowed back into the upper wheel-pit and ob- 
structed the wheels. Under such circumstances, it is apt to cause 
the owner of the upper mill to insist that the lower dam has gradu- 
ally been raised above the title thereto. There are plenty of milU 
yet, the discharges from which are raising such bars, and so gmda- 
ally as to be overlooked and neglected, which will surely cause 
trouble in time. 



Propelliner Screws, 

Is there no better plan than the one so common with government engineers of 
placing the screws in a ship, then lashing the ship to a wnarf, fire np and ran the 
engines day after day, to ascertain how fast the screws can be driven, and how 
fast the ship ought to ran, if all the decimals can be depended upon ; would it 
be better, cheaper and far more decisive to take a screw, place it in a frame rep. 
reseniinsr the stem of a ship, but with freedom to move forward ; from the after 
end of the srnrew have a weight attached, so that if the screw move forward it 
woald have to raise a known weitrht, then by belt or other means, using a dyna- 
mometer in transmi}>sion. drive the screw to any speed desired; by sach means 
accuracy could be attained, and the mostperfect screw for the purpose could be 
found at comparatively small expense. The propeller screw partakes too much 
of the turbine nature to allow of its lines being positively determined by mathe- 
matical calculations ; at least, the best form might be ascertained with perfect 
accuracy in the manner suggested above. 









■Weight of a Cubic foot of Pur© Water at Differ- 
ent Temperatures. 



D«r«.. 
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Weir Tables, 



These teblef were computed hv the Fran<ds* fornra1ft,froni sero np. The 
experiments upon which tnat lormula wms prepared were not extended below a 
depth of .500 of a loot, bus it is oiten necessary to use it at a much lesx depth; 
and experience proves it to be sufficiently accurate for all practical purposes. 

Tlif tables for thn one foot weir ar<* calculat;«d for weir without contraction; 
consequently, by using those in connection with the others, by addin:; to or sub- 
tracting from, the quantity flowing orer a weir of any length, may readily be 
found* , A >-* V k, * 
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1 


OB 

W«lr. 




LBKOTH OF THE WEIB. 


TMt 


2 Feet 


3 Feet. 


4 Feet 


6 Feet 
1 


7 Feet 


8 Feet 


10 Feet 


12 Feet 


16 Feet. 


20 Feet 


.162 


23.31 


35.16 


47.01 


70.67 


82.52 


94.36 


118.04 


141.73 


189.09 


236.46 


.153 


23.54 


35.50 


47.47 


71.37 


83.33 


95.29 


119.21 


143.17 


190.96 


238.79 


.154 


23.77 


35.85 


47.93 


72.07 


84.14 


96.22 


120.38 


144.57 


192.83 


241.13 


.155 


24.00 


36.20 


48.39 


72.77 


84.96 


97.15 


121.55 


145.93 


194.70 


243.47 


.156 


24.23 


36.55 


48.85 


73.47 


85.78 


98.09 


122.73 


147.35 


196.59 


245.86 


.157 


24.46 


36.90 


49.32 


74.18 


86.61 


99.04 


123.91 


148.77 


199.48 


248.25 


.158 


24.69 


37.25 


49.79 


74.89 


87.44 


99.99 


125.09 


150.19 


201.38 


260.64 


.158 


24.93 


37.60 


50.26 


75.60 


88.27 


100.94 


126.27 


151.61 


203.28 


263.04 


.160 


25.17 


37.96 


50.73 


76.31 


89.10 


101.89 


127.46 


153.03 


204.18 


255.34 


.161 


25.40 


38.31 


51.20 


77.02 


89.93 


102.85 


128.66 


154.47 


206.10 


257.75 


.162 


25.63 


38.66 


51.68 


77.74 


90.VV 


103.81 


129.86 


155.91 


208.03 


260.17 


.163 


25.86 


39.01 


52.16 


78.46 


91.61 


104.77 


131.06 


157.35 


209.96 


262.59 


.164 


26.10 


39.37 


62.6^ 


79.18 


92.45 


105.73 


132.26 


158.80 


211.89 


265.01 


.165 


26.34 


39.73 


53.12 


79.90 


93.29 


106.69 


133.47 


160.26 


213.82 


267.38 


.166 


26.57 


40.09 


53.60 


80.63 


M.14 


107.66 


134.69 


161.71 


215.76 


269.82 


.167 


26.81 


40.45 


54.06 


81.36 


M.99 


108.63 


135.91 


163.17 


217.70 


272.26 


.168 


27.05 


40.81 


54.56 


82.09 


95.84 


109.60 


137.13 


164.64 


219.65 


274.71 


.169 


27.29 


41.17 


55.05 


82.82 


96.69 


110.58 


138.35 


166.11 


221.60 


277.16 


.170 


27.53 


41.53 


55.54 


83.55 


97.55 


111.56 


139.57 


167.58 


223.65 


279.61 


.171 


27.77 


41.88 


56.03 


84.28 


96.41 


112.54 


140.85 


169.06 


225.62 


282.09 


.172 


28.01 


42.23 


56.53 


85.02 


99.27 


113.63 


142.09 


170.64 


227.69 


284.57 


.173 


28.25 


42.59 


57.02 


85.76 


100.14 


114.52 


143.33 


172.03 


229.56 


287.05 


.174 


28.49 


42.95 


57.51 


86.50 


101.01 


115.51 


144.57 


173.52 


231.64 


289.64 


.175 


28.74 


43.31 


57.99 


87.24 


101.88 


116.50 


145.76 


175.01 


233.52 


292.03 


.176 


28.98 


43.68 


58.48 


87.99 


102.75 


117.50 


147.01 


176.49 


235.54 


294.54 


.177 


29.22 


44.06 


58.98 


88.74 


103.62 


118.50 


148.26 


177.98 


237.56 


297.06 


.178 


29.47 


44.43 


59.48 


89.49 


104.50 


119.50 


149.51 


179.47 


239.68 


299.68 


.179 


29.72 


44.81 


59.98 


90.24 


105.38 


120.50 


160.77 


180.96 


241.60 


302.10 


.180 


29.97 


45.19 


60.48 


91.00 


106.26 


121.51 


152.03 


182.55 


243.62 


304.62 


.1«1 


30.21 


45.57 


60.08 


91.76 


107.14 


122.52 


163.31 


184.07 


245.65 


307.17 


.182 


30.45 


45.95 


61.48 


92.52 


108.03 


123.53 


154.59 


185.60 


247.68 


309.72 


.183 


30.70 


46.33 


61.98 


93.28 


108.92 


124.54 


165.88 


187.13 


JM9.71 


312.27 


.184 


30.95 


46.71 


62.49 


94.04 


109.81 


125.55 


157.17 


188.66 


261.74 


314.82 


.185 


31.20 


47.J0 


63.00 


94.80 


110.70 


126.57 


158.43 


190.19 


253.78 


317.38 


.186 


31.45 


47.48 


63.61 


95.57 


111.60 


127.60 


159.71 


191.74 


265.85 


319.96 


.187 


31.70 


47.86 


64.02 


96.34 


112.50 


128.63 


160.99 


193.29 


257.92 


322.55 


.188 


31.95 


48.24 


64.53 


97.11 


113.40 


129.67 


162.27 


194.84 


269.99 


325.14 


.189 


32.21 


48.62 


65.04 


97.88 


114.30 


130.71 


163.55 


196.39 


262.06 


327.73 


.190 


32.47 


49.01 


65.56 


98.65 


115.20 


131.75 


164.84 


197.94 


264.13 


330.32 


.191 


32.72 


49.39 


66.07 


99.43 


11611 


132.79 


166.14 


199.51 


266.22 


332.93 


.192 


32.97 


49.77 


66.58 


100.21 


117.02 


133.83 


167.46 


201.08 


268.31 


335.55 


.193 


33.22 


50.16 


67.10 


100.99 


117.93 


134.87 


168.76 


202.65 


270.40 


338.17 


.194 


33.47 


50.55 


67.62 


101.77 


118.84 


185.92 


170.07 


204.22 


272.50 


340.79 


.195 


33.73 


50.94 


68.14 


102.56 


119.76 


136.97 


171.38 


206.79 


274.60 


»43.41 


.196 


33.96 


51.33 


68.66 


103.36 


120.68 


138.02 


172.70 


207.37 


276.72 


346.06 


.197 


34.24 


51.72 


69.18 


104.14 


121.60 


139.07 


174.02 


208.96 


278.84 


348.72 


.196 


34.50 


52.11 


69.70 


104.93 


122.52 


140.13 


175.34 


210.55 


280.96 


351.38 


.199 


34.76 


52.50 


70.23 


105.72 


123.45 


141.19 


176.66 


212.14 


28;f.08 


364.04 


.200 


35.02 


52.89 


70.76 


106.51 


124.38 


142.26 


177.99 


213.73 


285.22 


366.70 


.201 


35.28 


53.28 


71.29 


107.31 


126.31 


143.32 


179.33 


215.34 


287.36 


359.38 


.202 


35.54 


53.67 


71.82 


107.81 


126.24 


144.89 


180.67 


216.95 


289JS1 


362.07 


.203 


35.80 


54.07 


72.35 


108.61 


127.17 


145.46 


182.01 


218.56 


291.66 


364.76 


.204 


36.06 


54.47 


72.88 


109.41 


128.11 


146.53 


183.36 


220.17 


293.81 


367.45 


.205 


36.33 


54.87 


73.42 


110.51 


129.05 


147.60 


184.69 


221.78 


296.96 


370.14 


.206 


36.69 


55.27 


73.95 


111.32 


130.00 


148.68 


186.04 


223.40 


296.13 


372.86 


.207 


9fi.Ki 


59.67 


74.48 


112.13 


130.95 


140.76 


187.39 


225.03 


300.30 


875.66 


.206 


37.11 


66.07 


75.02 


112.94 


131.90 


150.84 


188.75 


226.66 


302.47 378.301 


J09 


37.37 


56.47 


75.56 


113.75 


132.85 


151.92 


190.11 


228.29 


304.65 


381.02 1 
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Depth 
on 

Weir. 



J210 
.211 
.212 
•213 
.214 
.215 
.216 
.217 
.218 
.219 
.220 
.221 
.222 
.22J 
.221 
.225 
.226 
.227 
.228 
.229 
.230 
.231 
.232 
.233 
.231 
.235 
.236 
-237 
.238 
.239 
.240 
.241 
.242 
.213 
.244 
.245 
.246 
.217 
.248 
.219 
.250 
.251 
.252 
.253 
.254 
.255 
.256 
.257 
.258 
.259 
.260 
.261 
.262 
.263 
.264 
.265 
.266 
.287 



LEKQTH OF THB WBIB. 



SFeeL 



37.64 

37.90 

38.17 

38.44 

38.71 

38.98 

39.24 

39.51 

39.78 

40.05 

40.32 

40.59 

40.86 

41.13 

41.40 

41.68 

41.95 

42.22 

42.50 

42.78 

43.06 

43.33 

43.61 

43.89 

44.17 

44.45 

44.73 

45.01 

45.'29 

45.67 

45.85 

46.13 

46.41 

46.69 

46.98 

47.27 

47.55 

47.83 

48.12 

48.41 

48.70 

48.98 

49.27 

49.51 

49.85 

50.14 

50.43 

50.72 

51.01 

51.30 

51.60 

51.89 

52.18 

52.47 

52.76 

63.06 

63.35 

63.64 



.3 Feet. 



66.88 

57 28 

57.68 

58.08J 

58.48 

58.89 

59.30 

59.71 

60.12 

60.53 

60.91 

61.35 

61.76 

62.17 

62.59 

6J.01 

63.41 

63.82 

61.23 

64.65 

65.08 

65.50 

65.92 

66.35 

66.78 

67.21 

67.63 

68.05 

68.48 

68.91 

69.34 

69.77 

70.20 

70.63 

71.06 

71.49 

71.92 

72.35 

72.79 

73.24 

73.67 

74.11 

74.55 

74.99 

75.43 

75.87 

76.31 

76.75 

77.19 

77.6;i 

78.08 

78.52 

78.97 

79.42 

79.87 

80.32 

80.77 

81.22 



4 Feet 6 Feet 



76.10 

76.64 

77.18 

77.72 

78.26 

78.81 

79.36 

79.91 

80.46 

81.01 

81.5l> 

82.11 

82.66 

83.21 

83.17 

81.:}.-$ 

81.89 

85.45 

86.01 

86.57 

87.14 

87.70 

88.27 

88.81 

89.41 

89.98 

9J.55 

91.12 

91.69 

92.26 

92.81 

93.41 

93.99 

94.58 

95.17 

95.73 

96.3:3 

96.91 

97.49 

98.07 

98.65 

99.21 

99.83 

109.42 

101.01 

101.60 

102.19 

102.78 

103.38 

103.96 

104.58 

105.18 

105.78 

106.38 

107.18 

107.58 

108.18 

108.78 



114.56 

115.37 

116.19 

117.01 

117.83 

118.65 

119.48 

120.31 

121.14 

121.97 

122.80 

123.63 

124.47 

125.31 

126.16 

126.99 

127.83 

128.67 

129.52 

130.37 

131.22 

132.07 

132.92 

133.78 

134.64 

135.50 

136.38 

137.22 

138.08 

138.95 

139.82 

140.71 

141.68 

14.J.31 

144.18 

144 19 

145.07 

145.95 

146.83 

147.71 

148.60 

149.49 

150.38 

151.27 

152.16 

153.06 

153.95 

154.85 

155.75 

156.65 

157.55 

158.45 

159.36 

160.27 

161.18 

162.09 

163.00 

163.92 



7 Feet 



133.81 

134.76 

135.72 

136.68 

137.64 

138.60 

139.56 

140.52 

141.48 

142.45 

143.41 

144.38 

145.36 

146.34 

147.32 

148.;K) 

149.29 

150.-28 

151.27 

152.26 

153.26 

151.26 

155.26 

156.26 

157.26 

158.26 

159.'27 

160.28 

161.29 

162.30 

163.31 

164.33 

165.35 

166.37 

167.39 

168.42 

169.45 

170.48 

171.51 

172.54 

173.58 

174.62 

175.66 

176.70 

177.74 

178.78 

179.83 

180.88 

181.93 

182.98 

184.04 

185.10 

186.16 

187.22 

188.28 

189.35 

190.42 

191.49 



8 Feet 



153.01 

IM.IO 

165.19 

156.29 

157.39 

168.49 

159.59 

160.69 

161.70 

162.81 

1&1.03 

165.15 

166.27 

167.39 

168.50 

169.63 

170.76 

171.89 

173.02 

174.16 

175.30 

176.44 

177.58 

178.72 

179.87 

181.02 

182.17 

183.36 

184.48 

185.64 

186.60 

187.96 

189.13 

190.30 

191.47 

192.64 

193.82 

195.00 

196.18 

197.36 

198.55 

199.74 

200.93 

202.12 

203.31 

204.51 

205.71 

206.91 

208.11 

209.32 

210.53 

211.74 

212.95 

214.16 

216.38 

216.60 

217.82 

219.04 



10 Feet 



191.47 
192.»1 

195.58 

196.05 

198.33 

199.71 

201.00 

202.48 

203.87 

205.26 

206.(:6 

208.07 

209.48 

210.89 

212.3(» 

213.71 

215.12 

216.53 

217.95 

219.37 

220.80 

222.23 

223.67 

225.11 

226.65 

i27.99 

229.44 

230.89 

232.34 

233.79 

235.24 

236.69 

237.14 

238.69 

241.05 

242.54 

244.03 

245.52 

247.01 

248.50 

249.09 

261.48 

262.97 

254.46 

255.95 

257.46 

258.97 

260.48 

262.02 

263.61 

266.03 

266.66 

268.07 

269.69 

271.11 

272.68 

274.22 



12 Feet 



229.92 

231.56 

233.21 

234.86 

236Jil 

238.16 

239.82 

241.49 

243.16 

244.83 

246.50 

248.18 

249.86 

251.55 

253.24 

254.93 

266.63 

258.33 

260.03 

261.73 

263.46 

265.17 

266.89 

268.61 

270.33 

272.06 

273.80 

275.54 

277.28 

279.02 

280,77 

282.52 

284.28 

286.04 

287.80 

289.56 

291.33 

293.11 

294.89 

296.67 

298.45 

300.24 

302.03 

303.82 

305.62 

307.42 

308.23 

310.04 

311.85 

313.66 

316.48 

318.31 

320.14 

321.97 

323.80 

325.63 

327.47 

329.31 



K Feet 



306.83 

309.03 

311.23 

313.43 

315.63 

317.84 

320.06 

322.28 

324.57 

326.80 

328.97 

331.22 

333.47 

335.72 

337.97 

340.22 

342.49 

344.76 

347.04 

349.32 

351.60 

353.90 

366.20 

358.60 

360.80 

363.11 

365.43 

367.73 

370.08 

372.43 

374.74 

377.09 

379.44 

381.79 

384.14 

386.49 

388.86 

391.23 

393.60 

395.97 

398.36 

401.74 

404.14 

406.63 

408.92 

410.33 

412.76 

416.17 

417JS9 

420.01 

422.44 

424.88 

427.32 

429.76 

432.20 

434.65 

437.11 

439.68 



20 Feet 



383.75 

386.30 

3^.05 

391.80 

394.55 

397.51 

400.29 

403.07 

405.86 

406.65 

411.44 

414.23 

417.02 

419.82 

422.62 

425.52 

428.36 

431.21 

434.06 

436.91 

4^9.76 

442.66 

446.53 

448.41 

451.29 

454.15 

457.06 

469.97 

462.88 

466.79 

4€8.70 

471.65 

474.60 

477.55 

480.51 

483.40 

486.37 

489.34 

492.31 

495.28 

498.25 

601.25 

604.25 

607.26 

510.26 

513.25 

516.27 

519.30 

622.33 

625.::6 

528.39 

531.44 

534.50 

637.56 

640.62 

643.68 

646.76 

649.84 
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Depth 

on 
"Weir. 



Feet. 



J268 

.269 

.270 

.271 

.272 

.273 

.274 

.275 

.276 

^7 

.278 

.279 

.280 

.281 

.282 

.283 

.281 

.283 

.286 

.287 

.288 

.289 

.290 

.291 

.292 

.293 

.291 

.295 

.296 

.297 

.z«io 

.299 

.300 

.301 

.302 

.303 

.304 

.305 

.306 

.307 

.308 

.309 

.310 

.311 

.312 

.313 

.314 

.315 

.316 

.317, 

.318 

.319 

.320 

.321 

.322 

.323 

.321 

.325 









LE27GTH OF 


THE WEIB. 








2 Feet 


3 Feet. 


4 Feet 


6 Feet 


7 Feet 


8 Feet 


10 Feet 


12 Feet. 


16 Feet 


20 Feet 


53.91 


81.67 


109.39 


1&1.84 


192.56 


220.27 


275.76 


331.16 


442.05 


562.93 


54.24 


82.12 


110.00 


165.76 


193.63 


221.50 


277.30 


333.01 


444.52 


556.02 


5454 


82.57 


110.61 


166.68 


194.70 


222.73 


278.80 


334.86 


446.99 


559.11 


54.84 


83.02 


111.22 


167.60 


195.78 


223.96 


280.34 


336.72 


449.47 


662.22 


55.14 


83.47 


111.83 


168.52 


196.86 


225.20 


281.89 


338.58 


451.95 


565.33 


55.44 


83.93 


112.44 


169.44 


197.94 


226.44 


283.44 


340.44 


454.43 


668.44 


53.74 


81.39 


113.05 


170.37 


199.02 


227.68 


284.99 


342.31 


456.91 


571.56 


56.01 


81.83 


113.67 


171.30 


200.11 


228.92 


286.54 


344.18 


459.43 


574.68 


56.34 


85.31 


114.28 


172.23 


201.20 


230.26 


288.10 


346.06 


461.94 


577.84 


56.64 


85.77 


114.89 


173.16 


202.29 


231.51 


289.66 


347.94 


464.45 


581.00 


56.91 


86.23 


115.51 


174.09 


203.38 


232.76 


291.22 


349.82 


466.97 


584.16 


57.24 


8t>.69 


116.13 


175.02 


2(4.47 


234.01 


292.79 


351.71 


419.49 


587.33 


57.54 


87.15 


116.75 


175.96 


205.56 


235.16 


2W.36 


353.60 


472.01 


590.40 


57.81 


87.61 


117.37 


176.90 


200.66 


2^6.42 


295.94 


355.49 


474.54 


593.57 


58.14 


88.07 


117.99 


177.84 


207.76 


237.08 


297.52 


357.38 


477.07 


S96.74 


58.44 


88.53 


118.61 


178.78 


208.86 


238.94 


299.10 


359.27 


479.60 


599.91 


58.75 


88.99 119.23 


179.72 


209.96 


240.20 


300.68 


361.16 


481.93 


603.08 


59.06 


89.46 119.86 


180.66 


211.06 


241.46 


302.26 


363.06 


484.66 


606.26 


69.36 


89.92 120 48 


181.61 


212.17 


242.73 


303.85 


364.96 


487.21 


609.46 


59.66 


90.38 121.11 


182.56 


213.28 


244.00 


305.44 


366.87 


489.76 


612.65 


59.97 


9J.85' 121.74 


183.31 


214.a9 


245.27 


307.03 


368.78 


492.31 


616.86 


60.28 


91.32 


122.37 


181.46 


215.50 


246.54 


308.62 


370.69 


494.87 


619.06 


60.59 


91.79 


123.00 


185.41 


216.61 


247.81 


310.22 


372.60 


497.43 


622.26 


60.89 


92.26 


123.63 


186.36 


217.72 


249.09 


311.82 


374.51 


500.00 


625.47 


61.20 


92.73 


121.26 


187.31 


218.81 


250.37 


313.42 


376.42 


502.58 


628.69 


61.51 


93.20 


121.89 


188.27 


219.96 


251.65 


315.02 


378.W 


505.16 


631.91 


61.82 


93.67 


125.52 


189.23 


221.08 


252.93 


316.63 


380.26 


507.74 


635.14 


62.13 


94.15 


126.16 


190.19 


222.20 


2M.22 


318.24 


382.18 


510.32 


638.37 


62.44 


94.62 


126.79 


191.15 


223.32 


255.51 


319.86 


384.14 


512.92 


641.62 


62.75 


95.09 


127.43 


192.11 


224.45 


2.56.80 


321.48 


386.10 


515.52 


644.87 


63.06 


95.56 


128.07 


193.07 


225.58 


2.')8.09 


323.10 


388.06 


518.53 


648.12 


63.47 


96.01 


128.71 


194.04 


226.71 


259.38 


324.72 


390.02 


520.72 


651.38 


63.69 


93.52 


129.35 


195.01 


227.81 


260.67 


326.34 


392.00 


523.32 


654.64 


64.00 


93.99 


129.99 


195.98 


228.97 


261.97 


327.97 


a%.95 


625.94 


657.92 


64.31 


97.47 


130.63 


196.95 


230.11 


263.27 


329.60 


395.90 


528.58 


661.20 


61.62 


97.95 


131.26 


197.92 


231.25 


264.57 


331.23 


397.86 


631.18 


664.48 


64.93 


98.43 


131.91 


198.99 


232.39 


265.87 


332.86 


399.82 


633.80 


667.76 


65.25 


96.91 


132.57 


199.87 


233.53 


267.18 


334.49 


401.78 


636.42 


671.04 


65.56 


99.39 


133.21 


200.85 


2^.67 


268.49 


336.13 


403.76 


639.06 


674.34 


65.87 


99.87 


133.86 


201.83 


235.81 


269.80 


337.77 


405.74 


641.70 


677.64 


66.19 


100.35 


131.51 


202.81 


236.96 


271.11 


339.42 


407.72 


644.34 


680.94 


66.51 


100.83 


135.16 


203.79 


238.11 


272.42 


341.07 


409.70 


646.98 


684.24 


66.83 


101.31 


135.81 


204.77 


239.26 


273.74 


342.72 


411.69 


649.63 


687.57 


67.14 


101.79 


136.46 


205.75 


240.41 


275.06 


344.37 


413.68 


652.29 


690.86 


67.46 


102.27 


137.11 


206.71 


241.56 


276.38 


346.03 


415.67 


654.96 


694.19 


67.78 


102.76 


137.76 


207.73 


242.72 


277.71 


347.69 


417.66 


657.61 


697.52 


68.10 


103.23 


138.41 


208.72 


243.88 


279.04 


349.35 


419.65 


660.27 


700.75 


68.42 


103.74 


139.07 


209.71 


245.04 


280.36 


351.01 


421.65 


662.94 


704.18 


68.74 


101.23 


139.72 


210.70 


246.20 


281.69 


352.68 


423.66 


665.62 


707.56 


69.08 


104.72 


140.38 


211.69 


247.36 


2^3.02 


354.35 


425.65 


668.30 


710.92 


69.38 


105.21 


141.04 


212.69 


248.52 


284.35 


356.02 


427.66 


670.98 


714.29 


68.70 


105.70 


141.70 


213.69 


249.68 


285.69 


357.69 


429.67 


673.66 


717.66 


70.02 


106.19 


142.36 


214.69 


250.&'> 


287.03 


359.36 


431.69 


676.36 


721.04 


70.34 


106.68 


143.02 


215.69 


252.02 


288.37 


361.04 


433.71 


679.06 


724.42 


70.06 


107.17 


143.68 


216.69 


253.19 


289.71 


362.72 


435.73 


681.76 


727.80 


70.88 


107.66 


144.34 


217.69 


254.36 


291.05 


364.40 


437.75 


684.47 


731.19 


71.30 


107.85 


145,00 


218.70 


2B5.M 


292.39 


366.09 


439.78 


687.18 


734.68 


T14{3 


106.60 


145.OT 


219.71 


266.72 


293.74 


367.78 


441.82 


689.89 


737.97 
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Depth 
on 



LENGTH OF THE WBIB. 



TMt 



9 Feet 



.384 

.383 

.386 

.387 

.388 

.389 

.390 

.391 

.392 

.393 

.39i 

.395 

.396 

.397 

.888 

.399 

.400 

Ml 

.402 

.403 

AOi 

.405 

A06 

Affl 

.408 

.409 

^10 

.411 

AV2 

A13 

.414 

^15 

^16 

*417 

^18 

.419 

.420 

^1 

.422 

A23 

.424 

.425 

.426 

.427 

.428 

.429 

d430 

.431 

.432 

.433 

AM 

.436 

.436 

ASI 

.438 

.439 

AM 

.441 



91.45 
91.81 
92.15 
92.49 
92.83 
93.18 
93.53 
93.88 
91.23 
91.58 
91.93 
95.28 
93.63 
95.96 
96.33 
96.68 
97.04 
97.39 
97.74 
98.10 
98.54 
98.82 
99.17 
99.62 
99.88 
100.24 
100.60 
100.96 
101.32 
101.68 
102.04 
102.40 
102.76 
103.12 
103.48 
103.84 
104.20 
104.56 
101.92 
105.28 
103.64 
106.01 
106.37 
106.73 
107.10 
107.46 
107.83 
108.19 
108.55 
108.92 
109.29 
109.66 
110.02 
110.39 
110.76 
111.13 
111.50 
111.86 



3 Feet 



138.97 

139.51 

140.04 

140.57 

141.11 

141.63 

142.19 

142.73 

143.27 

143.81 

144.35 

144.89 

145.43 

145.97 

146.51 j 

147.06 

147.61' 

148.15 

148.69 

149.23 

149.77 

150.32 

150.86 

151.40 

151.95 

152.50 

153.05 

153.60 

154.15; 

154.70; 

156.25 

155.811 

156.36 

156.91 : 

157.47i 

158.03 

158.58 

169.13 

159.70 

160.29 

160.88 

161.37' 

161.93 

162.49 

163.05 

163.61 

164.17 

164.73 

165.29 

165.85 

166.411 

166.98 

167.54 

168.10 

16867 

169.21 

169.81 

170.37 



4 Feet 



186.52 
I 187.24 
I 187.96 
I 188.68 
189.40 
' 190.12 
190.83 
191.571 
192.39, 
193.12 
193.85 
194.48 
195.21 
195.94 
196.67 
197.40 
196.14 
198.83 
199.56 
200.29 
201.03 
201.81 
202.55 
203.29 
204.03 
204.77 
205.51 
206.25 
206.99 
207.73 
208.48 
209.23 
209.97 
210.72 
211.47 
212.22 
212.97 
213.72 
214.47 
215.22 
215.97 
216.73 
217.48 
218.23: 
218.99; 
219.75 
220.51 
221 .27| 
222.03 
222.79 
223.66 
224..31 
225.07 
225.83 
2260(9 
227.36 
228.13 
228.89 



6 Feet 



7 Feet 



281.61 

282.70 

283.79 

284.88 

285.98 

287.08 

288.18 

289.28 

290.38 

291.48 

292.38 

293.69 

291.79 

293.90 

297.01 

298.12 

299.23 

300.34 

301.45 

302.57 

303.69 

304.81 

305.93 

307.05 

308.17 

309.29 

310.42 

311.51 

312.67 

313.80 

314.93 

316.06: 

317.19 

318.32 

319.45 

320.59 

321.73 

322.87 

324.01 

325.16 

326.30 

327.44 

328.58 

329.73| 

330.88 

332.03 

38:).18 

334.33 

336.48 

336.63 

337.79 

338.96 

340.11 

341.27 

342.43 

343JS9 

344.76 

M6.91 



329.16 

330.43 

331.71 

332.99 

334.27 

335.55 

336.84 

338.12 

339.41 

310.70 

341.99 

343.28 

344.58 

345.88 

347.18 

348.48 

349.78 

351.08 

352.39 

353.70 

355.01 

356.32 

357.63 

358.91 

360.75 

361.56 

362.87 

364.18 

365.49 

366.80 

368.11 

369.42 

370.76 

372.10 

373.44 

374.78 

376.12 

377.45 

378.78 

380.12 

381.46 

382.80 

384.16 

385.60 

386.84 

888.19 

389JS2 

390.87 

392.26 

393.60 

394.96 

396.27 

397.62 

400.34 
401.70 
403.06 
404.43 



8 Feet 



376.70 

378.16 

379.62 

381.09 

382.56 

384.03 

385.50 

386.97 

388.45 

389.93 

391.41 

392.89 

394.37 

395.86 

397.35 

398.84 

400.33 

401.82 

403.31 

404.80 

406.30 

407.80 

409.30 

410.80 

412.30 

413.81 

415.32 

416.83 

418.34 

419.85 

421.37 

422.89 

424.41 

425.93 

427.45 

428.97 

430.60 

432.03 

433.56 

435.09 

436.62 

438.151 

439.69 

441.23 

442.77 

444.31 

445.86 

447.40 

448.95 

450.60 

452.05 

453 60 

456.16 

466.72 

458.28 

469.84 

461.40 

462.96 



10 Feet 



471.76 

473.61 

475.45 

477.30 

479.15 

481.00 

482.85 

484.70 

486.55 

488.40 

490.25 

492.10 

493.96 

495.82 

497.68 

499.54 

501.41 

503.28 

503.15 

607.02 

508.91 

510.79 

512.67 

514.66 

516.45 

518.34 

520.23 

522.12 

624.02 

626.92 

527.82 

529.72 

631.63 

633.64 

635.45 

637.36 

539.27 

541.19 

643.11 

645.03 

M6.06 

618.88 

650.81 

552.75 

554.69 

566.63 

558.63 

660.47 

662.41 

564.35 

566.29 

568.24 

570.19 

572.14 

574.09 

576.05 

578.01 

679.97 



12 Feet 



568.88 

569.08 

571.29 

673.51 

575.73 

577.95 

580.17 

582.39 

584.61 

586.84 

689.07 

591.30 

593.54 

695.78 

598.02 

600.26 

602.61 

604.76 

607.02 

609.28 

611.54 

613.80 

616.14 

618.40 

620.66 

622.92 

626.13 

627.41 

629.69 

631.97 

634.26 

636.56 

638.84 

641.14 

643.44 

645.74 

648.04 

660.34 

652.65 

654.96 

657.17 

659.58: 

661.90' 

664.22 

666.64 

668.87 

671.20 

673.M! 

676.88 

678.22 

680.56 

682.90 

685.25 

687.61 

689.97 

692.33 

691.64 

697.00. 



16 Feet. 



767.06 

760.00 

762.96 

765.92 

768.88 

771.84 

774.81 

777.78 

780.76 

783.74 

786.72 

789.70 

792.69 

795.69 

798.69 

801.69 

804.69 

807.70 

810.71 

813.72 

816.74 

819.77 

822.80 

825.83 

828.86 

831.90 

834.94 

837.99 

841.04 

844.09 

847.15 

850.21 

863;28 

866.36 

869.42 

862.60 

865.58 

868.66 

871.74 

874.82 

877.90 

880.99 

884.10 

887.21 

890.32 

893.43 

896.66 

899.67 

902.79 

906.92 

909.66 

912.18 

916.32 

918.46 

921.60 

924.74 

927.89 

931.06 



SO Feet 



947.23 
950.92 
954.62 
958.32 
962.02 
965.71 
969.44 
973.17 
976.90 
980.63 
984.37 
988.11 
991.92 
995.67 
999.42 
1003.17 
1006.87 
1010.64 
1014.42 
1018.20 
1021.96 
1025.76 
1029.56 
1033.36 
1047.16 
1050.96 
1044.76 
1048.58 
1062.40 
1066.22 
1060.06 
1063.88 
1067.72 
1071.66 
1076.40 
1079.26 
1083.10 
1086.97 
1090.84 
1094.71 
1098.58 
1102.46 
1106.34 
1110.23 
1114.12 
1118.01 
1121.90 
1125.81 
1129.72 
1133.63 
1137.66 
1141.47 
1146.40 
1149.33 
1163.27 
1167.21 
1161.16 
1166.10 
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QUANTITIBS OF WATER, IN CUBIC FEET PER MINUTE, FLOWINO OTEB 
WEIRS OF DIFFERENT LENGTHS, WITH VARYING DEPTHS OF WATER. 



Depth 


\ 


on 
Weir. 


LBKOTH OF THE WSIH. 


Feet 


SFeet 


8 Feet 


4 Feet 


6 Feet 


7 Feet. 


8 Feet 


10 Feet 


12 Feet 


16 Feet 


90 Feet 


JSOO 


134.22 


204.86 


275.50 


416.78 


487.42 


658.06 


699.34 


840.62 


1123.18 


1400.74 


JM)1 


134.61 


205.46 


276.31 


418.01 


488.87 


559.72 


701.42 


843.13 


1126.54 


1409.95 


.602 


135.00 


206.06 


277.12 


419.25 


400.32 


561.38 


703.51 


845.64 


1129.90 


1414.16 


MS 


135.39 


206.66 


277.93 


420.49 


491.77 


563.04 


705.60 


848.15 


1133.26 


1418.37 


M>1t 


135.78 


207.26 


278.74 


421.73 


493.22 


564.71 


707.69 


850.66 


1136.62 


1422.58 


.606 


136.16 


207.86 


279.57 


422.97 


494.67 


566.38 


709.78 


853.18 


1139.99 


1426.80 


.606 


136.55 


208.46 


280.38 


424.21 


496.13 


568.05 


711.87 


855.70 


1143.37 


1431.03 


.607 


136.94 


209.06 


281.20 


425.45 


497.59 


669.72 


713.97 


858.22 


1146.75 


1435.27 


.608 


137.33 


209.67 


282.02 


426.70 


499.05 


571.39 


716.07 


860.75 


1150.13 


1439.51 


.609 


137.72 


210.28 


282.84 


427.95 


500.57 


573.06 


718.17 


863.28 


1153.51 


1443.75 


.610 


138.12 


210.89 


283.66 


429.20 


501.97 


674.74 


720.27 


865.81 


1166.89 


1447.94 


.611 


138.51 


211.50 


211.71 


430.45 


503.43 


576.41 


722.38 


868.34 


1160.28 


1453.20 


.612 


138.90 


212.11 


212.53 


431.70 


504.89 


678.09 


724.49 


870.88 


1163.67 


1468.46 


.613 


139.29 


212.71 


213.35 


432.95 


506.35 


579.77 


726.60 873.42 


1167.07 


1462.72 


.614 


139.68 


213.32 


214.17 


434.20 


507.82 


681.46 


728.71 875.98 


1170.47 


1466.46 


.615 


140.08 


213.92 


287.76 


435.45 


609.29 


583.13 


730.82 878.50 


1173.87 


1469.24 


.616 


140.47 


214.53 


288.58 


436.70 


610.76 


581.81 


732.93 881.05 


1177.28 


1474JS1 


.617 


140.86 


215.14 


289.40 


437.95 


512.23 


086.40 


735.05 883.60 


1180.69 


1478.78 


.618 


141.25 


215.75 


290.23 


439.21 


613.70 


588.09 


737.17 


886.16 


1184.11 


1483.06 


.619 


141.64 


216.36 


291.06 


440.47 


575.17 


589.78 


739.29 


888.70 


1187.63 


1487.34 


.520 


142.05 


216.97 


291.89 


441.73 


516.65 


591.57 


741.41 


891.25 


1190.91 


1490.62 


.621 


142.45 


217.58 


292.71 


442.99 


618.13 


593.26 


743.54 


893.81 


1194.36 


1494.91 


.622 


142.85 


218.19 


293.54 


444.25 


519.61 


591.95 


745.67 


896.37 


1197.79 


1499.20 


.628 


143.25 


218.80 


294.37 


432.95 


521.09 


596.65 


747.80 


898.93 


1201.22 


1603.49 


.624 


143.65 


219.41 


295.20 


434.20 


522.57 


598.35 


749.93 


901.49 


1204.65 


1607.79 


.625 


144.03 


220.03 


296.03 


448.04 


524.05 


600.05 


752.06 


904.06 


1208.08 


1512.09 


JKS6 


144.43 


220.64 


296.86 


449.30 


525.53 


601.75 


754.19 


906.63 


1211.52 


1516.40 


.627 


144.83 


221.25 


297.69 


460.67 


627.01 


603.45 


756.33 


909.20 


1214.96 


1520.71 


.628 


145.23 


221.86 


298.52 


451.84 


628.49 


605.15 


758.47 


oii.n 


1218.40 


1525.03 


.629 


145.60 


222.47 


299.36 


453.11 


429.96 


606.85 


760.61 


914.34 


1221.85 


1529.30 


.630 


146.01 


223.10 


300.20 


454.38 


631.47 


608.66 


762.75 


916.93 


1225.30 


1533.67 


Ml 


146.41 


223.72 


301.03 


455.65 


632.96 


610.27 


764.89 


919.51 


1228.76 


1538.00 


.632 


146.81 


224^ 


301.86 


456.92 


034.40 


611.96 


767.04 


922.09 


1232.12 


1042.33 


.688 


147.21 


224.96 


302.70 


458.19 


030.91 


613.69 


769.19 


924.68 


1235JS8 


1046.66 


.684 


147.61 


226.58 


303.04 


469.47 


037.43 


616.40 


771.34 


927.27 


1239.04 


1061.00 


a»6 


148.01 


226.19 


304.38 


460.75 


038.93 


617.12 


773.49 


929.86 


1242.60 


1000.34 


.686 


148.41 


226.81 


800.21 


462.02 


040.43 


618.83 


775.64 


932.40 


1246.07 


1059.69 


JS37 


148.81 


227.43 


306.00 


463.30 


041.93 


620 JS5 


777.80 


930.00 


1249.54 


1664.04 


.638 


149.21 


228.06 


306.89 


464.58 


043.43 


622.27 


779.96 


937.60 


1263.02 


1568.40 


.689 


149.61 


228.67 


807.73 


466.86 


044.93 


623.99 


782.12 


940.26 


1206.50 


1572.76 


.610 


150.01 


229J29 


806.07 


467.14 


046.43 


626.71 


781.28 


942.85 


1209.98 


1577.12 


Ml 


150.41 


229.91 


309.41 


468.42 


617.93 


627.43 


786.44 


945.45 


1263.47 


1581.49 


M2 


160.81 


230.63 


310.20 


469.70 


649.43 


629.16 


788.61 


948.06 


1266.96 


1586.86 


.648 


161.21 


231.16 


311.09 


470.96 


660.93 


630U» 


790.78 


950.67 


1270.45 


1590.23 


Mk 


161.61 


231.77 


311.94 


472.27 


652.44 


632.61 


792.96 


953.22 


1273.94 


1094.61 


.646 


102.01 


232.40 


312.79 


473.66 


663.96 


634.84 


795.12 


966J9 


1277.44 


1096.90 


.646 


162.41 


233.03 


313.63 


476.80 


666.46 


636.07 


797.29 


968.61 


1280.96 


1603.38 


•647 


162.81 


233.66 


314.47 


477.14 


666.97 


637.80 


799.46 


961.13 


1284.46 


1607.77 


.048 


163.21 


234.29 


315.32 


478.43 


668.48 


639.03 


801.64 


963.75 


1287.97 


1612.17 


.640 


163.61 


234.92 


816.27 


479.72 


669.99 


641.27 


808.82 


966.37 


1291.48 


1616.07 


.610 


104.08 


236J» 


317.02 


480.01 


661.61 


643.01 


800.00 


969.00 


1294.99 


1620.97 


ML 


104.43 


236.16 


817.87 


481.30 


663.02 


644.76 


806.18 971.68! 


1296UU 


1620.38 


jm 


164.83 


236.79 


818.72 


482JI8 


664.64 


646.49 


810.36 


974.28 


1302.03 


1629.71 


M9 


106.28 


237.42 


819.07 


483.89 


066.06 


648.23 


812.54 


976J0 


1800JS0 


1634.12 


Mk 


160.63 


238.00 


890.42 


480.19 


KfM 


649.97 


814.72 


979Ufi8 


1309.07 


1638 JM 






228 



Dqilh 



JBB5 
JBM 

.057 
.608 
.000 
JXO 

Ml 

jm 

JUS 

jm 

JM 

jm 

JS6S 
.069 
.070 
JSll 
.072 
.073 
.074 
.070 
.076 
.077 
JNS 
.079 
.080 
.081 
.082 
JS83 

jm 

.085 
.086 
JX7 
Ji88 
.089 
.090 
.091 
.092 
.093 
.094 
.095 
.096 
.097 
.096 
.099 
.600 
.601 
.602 
.603 
.604 
.600 
.606 
.607 
.608 
.609 
.610 
.611 
.612 



UnrOTH OF THB 



SFMt 



106.06 
166.46 
166.87 
167.28 
107.60 
108.08 
108.49 
108.00 
108.41 
108.82 
160.12 

leoja 

160.91 

161.36 

161.76 

162.16 

162.67 

162.96 

163.39 

163.80 

164.21 

164.42 

164.83 

160.24 

160.65 

166.27 

166.69 

167.11 

167.53 

167.95 

168.34 

168.76 

169.18 

169.60 

070.02 

170.41 

170.83 

171.25 

171.66 

172.08 

172.49 

172.91 

173.33 

173.75 

174.17 

174.57 

174.99 

175.41 

175.83 

176.26 

176.67 

177.09 

177.51 

177.94 

178.37 

178.77 

179.19 

179.61 



SFMt 



238.66 

239.29 

239.92 

240.55 

241.18 

241.81 

242.44 

243.07 

243.70 

244.33 

244.97 

245.61 

246.25 

246.89 

247.M 

248.19 

248.82 

249.45 

250.08 

250.71 

251.33 

251.93 

252.53 

253.13 

253.73 

254.53 

255.17 

255.81 

256.45 

257.09 

257.74 

258.38 

259.02 

259.66 

260.31 

260.96 

261.60 

262.24 

262.89 

263.54 

264.19 

264.83 

265.48 

266.13 

266.78 

267.43 

268.08 

268.73 

269.38 

270.03 

270.69 

271.34 

271.99 

272.64 

273.30 

273.96 

274.61 

275.26 



4F««t 



321.27 

322.12 

322.97 

323.82 

324.68 

325.5« 

326.39 

327.24 

328.10 

328.96 

329.82 

330.68 

331.54 

332.40 

333.26 

334.13 

334.99 

335.85 

336.71 

337.68 

338.45 

339.31 

340.17 

341.04 

341.91 

342.78 

313.65 

344.52 

315.39 

346.26 

347.13 

348.00 

348.87 

349.74 

350.62 

351.50 

352.37 

353.25 

354.13 

355.01 

355.89 

356.77 

357.65 

358.53 

359.41 

360.29 

361.17 

362.05 

362.93 

363.82 

364.71 

3(>5.59 

366.48 

367.37 

368.26 

369.15 

370.04 

370.93 



6FMt. 



486.49 

487.79 

489.09 

490.39 

491.69 

403.00 

494.30 

490.60 

496.91 

498.22 

499.03 

000.84 

002.10 

003.46 

004.77 

506.09 

607.40 

508.72 

010.04 

011.36 

512.68 

514.00 

015.32 

516.64 

517.96 

519.29 

620.61 

521.94 

523.27 

524.60 

525.93 

527.26 

528.59 

529.92 

531.26 

532.60 

533.93 

535.27 

536.61 

537.95 

539.29 

540.63 

541.97 

543.31 

544.66 

546.01 

547.36 

518.71 

550.06 

551.41 

552.76 

551.11 

555.46 

556.81 

558.17 

569.53 

560.88 

662.24 



069.10 

070.62 

072.14 

573.67 

675.20 

576.73 

578.26 

579.79 

581.32 

582.85 

684.38 

685.91 

587.45 

588.99 

590.53 

602.07 

593.61 

005.15 

596.69 

698.24 

599.79 

601.34 

602.89 

604.44 

605.99 

607.54 

609.09 

610.65 

612.21 

613.77 

615.33 

616.89 

618.45 

620.01 

621.87 

623.14 

624.71 

626.28 

627.85 

629.42 

630.99 

632.56 

634.10 

635.68 

637.26 

638.87 

640.45 

642.03 

643.61 

645.19 

646.78 

648.36 

649.96 

651.54 

653.13 

654.72 

666.31 

658.03 



• FMt 



601.71 

663.46 

666.25 

607.00 

608.75 

660.46 

662.21 

663.96 

665.72 

667.48 

669.24 

671.00 

672.76 

674Ji2 

676.28 

678.05 

679.82 

681.59 

683.36 

685.13 

686.91 

688.68 

690.46 

692.24 

691.02 

695.80 

697.58 

699.36 

701.15 

702.94 

704.73 

706.52 

708.31 

710.10 

711.89 

713.69 

715.49 

717.29 

719.09 

720.89 

722.69 

724.49 

726.30 

728.11 

729.92 

731.73 

733.54 

735.35 

737.16 

738.98 

740.80 

742.62 

744.44 

746.28 

748.08 

749.91 

751.73 

753.06 



816.93 

819.12 

821.32 

823 J2 

826.72 

827.92 

830.12 

832.32 

834 JS2 

836.73 

838JM 

841.15 

843.36 

845 J» 

847.80 

850.02 

852.24 

854.46 

866.68 

858.91 

861.14 

863.37 

865.60 

867.83 

870.07 

872.31 

874.55 

876.70 

870.08 

881.27 

883.52 

885.77 

888.02 

890.27 

892.52 

894.78 

897.04 

899.30 

901.56 

903.82 

906.09 

«lltt>.«)6 

910.63 

912.90 

915.17 



ISFMt 



082.16 
984.80 
987.48 
990.12 
992.76 
995.37 
996.02 
1000.67 
1003.33 
1005.99 
1008.65 
1011.31 
1013.97 
lOUJA 
1019.21 
1021.96 
1024.65 
1027.33 
1030.01 
1032.69 
1086.37 
1038.06 
1040.75 
1043.44 
1046.13 
1048.82 
1051.52 
1054.22 
1056.92 
1069.62 
1062.32 
1064.03 
1066.74 
1069.45 
1072.16 
1075.88 
1078.60 
1081.32 
1064.04 
1086.76 
1089.49 
1092.22 
1094.95 
1097.68 
1100.42 



If 



917.441103.16 
919.721105.80 
922.001108.54 



924.28 
926.56 
928.84 
931.12 
933.41 
935.70 
937.99 
940.28 
912.57 
944.87 



1111.28 
1114.03 
1116.88 
1119.63 
1122.38 
1125.14 
1127.90 
1130.66 
1133.42 
1136.19 



1312.00 

1316.13 

1319.67 

iaS23.21 

1326.74 

1330^29 

1333.84 

1337.39 

1340.94 

1344.60 

1348.06 

1301.63 

1300.20 

1368.77 

1362.27 

1360.91 

1369.49 

1373.07 

1376.66 

1380.20 

1383.84 

1387.44 

1391.04 

1394.64 

1398.24 

1401.84 

1406.46 

1400.06 

1412.67 

1416.28 

1419.91 

1423.04 

1427.17 

1430.80 

1434.43 

1438.07 

1441.71 

1440.30 

1448.99 

1452.63 

1456.29 



1643.0ft 

1647.47 

1661.99 

1606.33 

1660.77 

1666.21 

19B9JB$ 

1674.U 

1678.56 

1683.02 

1687.48 

1691.90 

1696.42 

1700.88 

1706.36 

1709.84 

1714.33 

1718.82 

1723.31 

1727.80 

1732.30 

1736.81 

1741.32 

1740.83 

1750.34 

1754.86 

17S9.39 

1764.92 

1769.45 

1773.9S 

1777 JJl 

1782.00 

1786.60 

1791.15 

1795.70 

1800.25 

1804.81 

1800.38 

1814.95 

1819.52 

1823.00 



1459.95 



1463.61 
1467.27 
1470.93 
1474.60 
1478J27 
1481.94 
1485.61 
1489.29 
1492.97 
1496.66 
1500.35 
1504.04 
1507.73 
1511.42 
1515.12 
1518.82 



1827.67 
1832.26 
1836.85 
1841.44 
1846.03 
1850.63 
1855.23 
1859.84 
1864.45 
1869.06 
1873.6» 
1878.30 
1882.92 
1887 JS5 
1892.ia 
1886.82 
1901.4e 




229 



_oii 
W«lr. 



^13 
.614 
.616 
.616 
.617 
.618 
.619 
.620 
.621 
.622 
.623 
.624 
.625 
.626 
.627 
.628 
.629 
.630 
.631 
.632 
.633 
.634 
.635 
J8:i6 
.««7 
.a38 
.639 
.640 
.611 
.M2 
.613 
.044 
.615 
.616 
.647 
.648 
.619 
.650 
.651 
.652 
.653 
.6M 
.655 
.656 
.657 
.658 
^9 
.660 
.661 
.662 
.663 
.664 
.665 
.666 
.667 
.668 
.669 
.670 



LBKGTH OF THB WBIB. 



iFeM. 



180.04 

180.47 

180.87 

181.30 

181.73 

182.16 

182.59 

182.99 

183.42 

183.85 

184.28 

181.71 

185.10 

185.53 

185.96 

186.39 

186.82 

187.23 

187.66 

188.09 

188.52 

188.95 

189.36 

189.79 

190.22 

190.65 

191.08 

191.90 

191.93 

192.36 

19279 

193.22 

193.65 

191.08 

191.51 

194.94 

195.37 

195.80 

196.23 

196.66 

197.09 

197-52 

197-95 

198-38 

196-81 

199-24 

199.67 

200-12 

200-55 

200.98 

201.41 

201.84 

202.29 

202.72 

203.15 



8 Feet 



276.91 

276.57 

277.23 

277.89 

278.55 

279.21 

279.87 

280.53 

281.19 

281.85 

282.51 

283.17 

283.83 

284.49 

285.15 

285.81 

286.47 

287.14 

287.80 

288.46 

289.12 

289.79 

290.46 

291.12 

291.78 

292.45 

293.12 

293.80 

291.46 

295.12 

295.79 

296.46 

297.14 

297.81 

298.48 

299.15 

299.82 

300.50 

301.17 

301.81 

302.51 

303.19 

303.87 

304.54 

305.21 

305.88 

306.56 

307.25 

307.92 

309.27 
309.95 
310.64 
311.32 
312.00 
312.68 
313.36 
314.04 



4 Feet. 



371.82 

372.71 

373.60 

374.49 

375..S8 

376.27 

377.16 

378.07 

378.96 

379.85 

380.75 

381.65 

382.66 

383.46 

384.37 

385.28 

386.18 

387.05 

387.ft5 

388.85 

389.75 

390.65 

391.56 

392.36 

393.27 

391.18 

395.09 

396.10 

397.00 

397.91 

398.82 

399.73 

400.64 

401.55 

402.46 

403.37 

404.29 

405.21 

406.12 

407.03 

407.91 

408.86 

409.78 

410.60 

411.52 

412.44 

413.36 

414.38 

415.30 

416.22 

417.14 

418.07 

418.99 

419.91 

420.83 

421.75 

422.68 

423.61 



6 Feet 



663.60 

564.96 

566.32 

567.68 

669.04 

670.41 

671.78 

573.15 

574.51 

575.88 

577.25 

578.63 

679.99 

681.36 

582.73 

584.11 

585.49 

686.87 

588.25 

589.63 

691.01 

692..39 

593.77 

595.15 

596.53 

597.91 

599.30 

600.69 

602.08 

603.47 

604.86 

606.25 

607.64 

609.03 

610.42 

611.82 

613.22 

614.62 

616.01 

617.41 

618.81 

620.21 

621.61 

623.01 

624.41 

625.82 

627.23 

628.64 

630.06 

631.46 

632.87 

634.28 

635.69 

637.10 

638.51 

6.39.92 

611. .34 

642.76 



7 Feet 



659.76 

661.34 

662.68 

664.28 

665.88 

667.48 

669.08 

670.68 

672.28 

673.79 

675.40 

677.01 

678.72 

680.33 

681.94 

683.55 

685.16 

686.78 

688.39 

690.01 

691.63 

693.25 

694.87 

696.49 

698.11 

699.73 

701.36 

702.99 

704.62 

706.25 

707.88 

709.51 

711.14 

712.77 

714.40 

716.04 

717.68 

719.32 

720.96 

722.60 

724.24 

726.88 

727.53 

729.17 

7;«.82 

732.47 

734.12 

735.77 

737.42 

739.07 

740.72 

742.38 

744.04 

745.70 

747.36 

749.02 

760.68 

752.34 



8 Feet 



766.39 

767.22 

769.05 

760.88 

762.71 

764.56 

766.39 

768.23 

770.07 

771.91 

773.75 

775.59 

777.44 

779.29 

781.14 

782.99 

784.84 

786.69 

788.54 

790.39 

792.25 

794.11 

796.97 

797.83 

799.69 

801.66 

803.42 

805.29 

807.16 

809.03 

810.90 

812.77 

814.64 

816.61 

818.38 

820.26 

822.14 

81^4.02 

825.90 

827.78 

829.66 

831.55 

833.44 

835..33 

a37.22 

8:)9.11 

841.00 

842.90 

814.79 

816.69 

818.59 

850.49 

«52.39 

854.31 

856.23 

868.15 

860.08 

861.91 



10 Feet 



947.17 
949.47 
961.77 
954.07 
956.38 
968.69 
961.00 
963.31 
966.62 
967.93 
970.24 
972.55 
974.88 
9n.20 
979.52 

984.17 

986.50 

9t<8.83 

901.16 

993.49 

996.83 

998.17 

1000.51 

1002.85 

1005.19 

1007.53 

1009.88 

1012.23 

1014.58 

1016.93 

1019.28 

1021.64 

1023.99 

1026.36 

1028.71 

1031.07 

1033.43 

1035.80 

1038.17 

1040.64 

1042.91 

1045.28 

1047.65 

1050.02 

1062.40 

1054.78 

1067.16 

1059.55 

1061.95 

1064.35 



UFcet 



1138.96 

1141.73 

1144.50 

1147.27 

1160.06 

1152.83 

1166.61 

1158.39 

1161.17 

116:^.96 

1166.75 

1169.64 

1172.33 

1176.12 

1177.92 

1180.72 

1183.52 

1186.32 

1189.13 

1191.94 

1194.76 

1197.56 

1200.37 

1203.19 

1206.01 

1208.83 

1211.66 

1214.48 

1217.31 

1220.14 

1222.97 

1225.80 

1228.63 

1231.47 

1234.31 

1237.21 

1240.06 

1242.84 

1246.69 

1248.64 

1251.39 

1264.24 

1267.10 

1269.96 

1262.82 

1265.68 

1268.55 

1271.42 

1274.29 

1277.16 

1280.03 



16 Feet 



1066.7511282.91 
1069.09 1285.79 
1071.481288.67 
1073.87 1291.55 



1076.26 
1078.66 
1061.06 



1294.43 
1297.32 
1300.21 



1622.63 

1626.24 

1629.96 

1633.67 

1537.39 

1541.11 

1644.83 

1648.66 

1562.28 

1656.01 

1559.74 

1663.48 

1667.22 

1670.96 

1574.71 

1678.46 

1582.21 

1686.96 

1689.72 

1693.48 

1697.24 

1601.01 

1604.78 

1606.97 

1610.37 

1614.17 

1617.97 

1623.67 

1627.46 

1631.26 

1636.04 

1638.83 

1642.63 

1646.43 

1660.23 

1664.04 

1667.85 

1661.66 

1666.48 

1669.30 

1673.12 

1676.94 

1680.76 

1684.69 

1688.42 

1692.26 

1696.10 

1699.94 

1703.79 

1707.64 

1711.49 

1715.34 

1719.19 

1723.06 

1726.91 

1730.71 

1734.63 

1738.60 



SO 



1906.10 

1910.75 

1916.40 

1920.06 

1924.72 

1929.78 

1934.04 

1988.71 

1943.39 

1948.07 

1962.46 

1957.43 

1962.11 

1966.76 

1971.42 

1976.08 

1970.74 

1986.60 

1990.31 

1996.02 

1999.74 

2004.46 

2009.18 

2013.19 

2018.64 

2023.38 

2028.12 

2032.86 

2037.61 

2042.36 

2047.11 

2061.86 

2066.62 

2061.39 

2066.16 

2070.93 

2076.70 

2080.48 

2086.26 

2090.06 

2004.84 

2099.63 

2104.42 

2109.22 

2114.03 

2118.84 

2123.66 

2128.46 

2133.28 

2138.10 

2142.92 

2147.76 

2162.68 

2157.42 

2162.26 

2167.10 

2171.95 

2176.80 



230 



D^^ 




«i» 


LBSOTH OF THB WKOL 


Walr. 




FM. 


SFMt. 


4FMt. 


6FMt 


7FMt 


SFMt 


lOFMi 


UFMt 


MFetl. 


SOFcil. 


^1 


814.72 


484J» 


644.18 


704.00 


8634)2 


1083.46 


1303.10 


1742417 


2181.08 


.672 


816.40 


425.46 


645.60 


765.66 


865.73 


1065.86 


1305.90 


1746.20 


21864IS 


.073 


316.08 


426.39 


647.02 


757^12 


867.64 


1088.26 


1308U)8 


1750.13 


2191.38 


.674 


316.76 


427.32 


648.44 


758.99 


869 JS5 


1090416 


1811.78 


1704.01 


2196.24 


.e76 


317.45 


428.25 


649.86 


760.66 


871.47 


1093.07 


1314.68 


1757.80 


2201.10 


.e76 


318.13 


429.28 


651.28 


IfKLSa 


873.38 


1096.48 


UllM 


1761.78 


2206.97 


JBTl 


318.81 


430.21 


602.70 


764.00 


876.30 


1087.89 


1320.48 


17604^ 


2210.85 


.078 


319JW 


431.14 


654.12 


766.67 


8n.22 


llOOiW 


1323.38 


17694S6 


2X15.73 


.079 


820.19 


432.07 


6B&JB5 


767.34 


879.14 


1102.71 


1326.29 


1773.46 


2220.61 


MO 


390.87 


432.91 


656.98 


769.02 


881.06 


1106.13 


1329.20 


1777.34 


2220.48 


.681 


321JHS 


433.84 


658.41 


770.69 


882.96 


1107 JM 


1332.11 


1781.24 


22304« 


.662 


322.23 


434.77 


669.84 


772.36 


884.90 


1109.96 


1335.02 


1785.14 


2230.27 


.683 


322.92 


435.70 


661.23 


774.04 


886.82 


1112.38 


1337.93 


1789.06 


2240.17 


.684 


823.61 


436.64 


662.66 


776.72 


888.75 


1114.80 


1340.85 


1792.96 


2240.07 


.68S 


324.30 


437 J)8 


664.13 


777.40 


890.68 


1117.22 


1343.77 


1796.87 


2249.97 


.666 


324.99 


438 JSl 


665 JS6 


779.08 


882.61 


1119.64 


1346.69 


1800.78 


2804.88 


.687 


325.68 


439.44 


666.99 


780.76 


894 JM 


1132.07 


1349.61 


1804.70 


2968.79 


.688 


326.37 


440.38 


668.42 


782.44 


896.47 


1134.60 


ISKOM 


1808.62 


2964.70 


.688 


327.06 


441.32 


669.86 


784.12 


898.40 


1136.98 


1365.47 


1812.62 


2969.61 


.600 


327.75 


442.26 


671.30 


785.81 


900.33 


1\2»M 


1368.40 


1816.46 


22744S3 


.691 


328.44 


443.20 


672.73 


787.60 


902.26 


1131.79 


1361..33 


1820.39 


2979.40 


.692 


329.13 


444.14 


674.17 


789.19 


904.20 


1134.23 


1364.26 


18244« 


2984.3T 


.693 


329.82 


445.08 


675.61 


790.88 


906.14 


1136.67 


1367.19 


1828.25 


29893> 


.684 


330.61 


446.02 


677.05 


792.67 


908.18 


1139.11 


1370.13 


1832.19 


2994.23 


.695 


331.20 


446.96 


678.49 


794.26 


910.02 


1141 J» 


1373.07 


1836.13 


2299.18 


.696 


831.89 


447.90 


679.93 


795.96 


911.96 


1143.99 


1376.01 


1840.07 


2304.13 


.697 


888.68 


448.86 


681.37 


797.64 


913.90 


1146.43 


1378.95 


1844.01 


2309.08 


.698 


333.27 


449.83 


682.81 


799.33 


915.84 


1148.87 


1381.90 


1847.96 


2314.08 


.699 


833.96 


450.80 


684.26 


801.02 


917.79 


1151.32 


1384.85 


1851.91 


2318.98 


.700 


334.66 


451.69 


685.71 


802.72 


919.74 


1163.77 


1387.80 


1855.86 


2323.92 


.701 


335.35 


452.63 


687.15 


804.42 


921.69 


1166.22 


1390.75 


1859.82 


2328.88 


.702 


336.04 


453.57 


688.60 


806.12 


923.64 


1168.67 


1393.70 


1863.78 


2333.84 


.703 


336.74 


454.51 


690.05 


807.82 


926.59 


1161.12 


1396.66 


1867.74 


2338.81 


.704 


337.44 


455.46 


691.50 


809.52 


927.54 


1163.58 


13994i6 


1871.70 


2343.78 


.705 


338.14 


456.41 


692.95 


811.22 


929.49 


1166.04 


1402.58 


1875.66 


2348.75 


.706 


338.83 


457.35 


694.40 


812.92 


931.44 


1168.60 


1405.54 


1879.73 


2353.78 


.707 


339.52 


458.30 


695.85 


814.62 


933.40 


1170.96 


1408.50 


1883.70 


2358.71 


.708 


340.22 


459.05 


697.30 


816.33 


936.36 


1173.42 


1411.47 


1887.67 


2363.68 


.709 


340.92 


460.00 


696.76 


818.04 


937.32 


1175.88 


1414.44 


1891.65 


2368.67 


.710 


341.62 


461.15 


700.22 


819.75 


939.28 


1178.34 


1417.41 


1895.63 


2373.66 


.711 


342.32 


462.10 


701.67 


821.46 


941.24 


1180.79 


1420.38 


18994S1 


2378.66 


.712 


343.02 


463.05 


703.12 


823.17 


943.20 


1183.24 


1423.35 


1903.50 


2383.66 


.713 


343.72 


464.00 


704.58 


824.88 


945.16 


1185.69 


1426.32 


1907.49 


2:^88.66 


J14 


814.42 


464.95 


706.04 


826.59 


947.13 


1188.14 


1429.30 


1911.48 


2393.66 


.716 


345.12 


465.91 


707.50 


828.30 


949.10 


1190.69 


1432.28 


1915.47 


2398.66 


.716 


345.82 


466.86 


708.96 


830.01 


951.07 


1193.16 


1435.26 


1919.47 


2403.67 


.717 


316.62 


467.81 


710.42 


831.72 


953.04 


1195.64 


1488.24 


1923.47 


2408.68 


.718 


347.22 


468.77 


711.88 


833.44 


965.01 


1198.12 


1441.23 


1927.47 


2413.70 


.719 


347.92 


469.73 


713.35 


835.16 


956.98 


1200.60 


1444.22 


1931.47 


2418.72 


.720 


348.62 


470.69 


714.82 


836.88 


958.95 


1203.08 


1447.21 


1935.48 


2423.74 


.721 


349.32 


471.64 


716.30 


838.60 


960.92 


1205.66 


1450.20 


1939.49 


2428.77 


.722 


360.02 


472.59 


717.76 


840.32 


962.89 


1208.04 


1453.19 


19434S0 


2433.60 


.723 


350.72 


473.65 


719.23 


842.04 


964.87 


1210.53 


1456.19 


1947.51 


2438.83 


.724 


351.42 


474.51 


720.70 


843.76 


966.85 


1213.02 


1469.19- 


1961.63 


2443.87 


.725 


352.13 


475.47 


722.15 


846.49 


968.83 


1215.51 


1462.19 


1965 J» 


2448.91 


.726 


352.83 


476.43 


723.62 


847.21 


970.81 


1218.00 


1465.19 


19594S7 


2463.96 


.727 


353.53 


477.39 


725.09 


848.94 


972.79 


1220.49 


1468.19 


1963.60 


2459.01 


.728 


354.24 478h35 


726.56 


850.66 


974.77 


1222.98 1471.20 


1967.63 


2464.06 
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Depth 




<m 
Weir. 


LENGTH OF THE WSIR. 


FMt 


SFMt. 


4 Feet 


6 Feet 


7 Feet 


8 Feet 


10 Feet 


19 Feet 


16 Feet 


aSFeet 


.729 


364.96 


479.31 


728.03 


852.38 


976.76 


1225.48 


1474.21 


1971.66 


2469.11 


.730 


365.66 


480.28 


729.61 


854.13 


978.76 


1227.98 


1477.22 


1975.69 


2474.16 


.731 


366.36 


481.24 


730.98 


855.86 


980.73 


1230.48 


1480.23 


1979.73 


2479.22 


.732 


357.06 


482.20 


732.45 


867.59 


982.72 


1232.98 


1483.24 


1983.77 


2484.29 


.733 


357.76 


483.16 


.733.93 


859.32 


984.71 


1235.48 


1486.26 


1987.81 


2489.36 


.734 


358.46 


484.12 


735.31 


861.05 


986.70 


1238.98 


1489.28 


1991.85 


2494.43 


.735 


359.16 


485.09 


736.89 


862.79 


988.69 


1240.49 


1492.30 


1996.90 


2499.50 


.736 


359.87 


486.05 


738.37 


861.53 


990.68 


1243.00 


1495.32 


1999.95 


2504.58 


.737 


360.58 


487.01 


739.85 


866.27 


992.67 


1246.51 


1498.34 


2004.00 


2509.66 


.738 


361.30 


487.98 


741.33 


868.01 


994.67 


1248.02 


1601.36 


2008.05 


2514.74 


.739 


362.02 


488.95 


742.81 


869.75 


996.67 


1250.63 


1604.39 


2012.11 


2519.83 


.740 


362.74 


489.92 


744.30 


871.49 


998.67 


1263.05 


1607.42 


2016.17 


2524.92 


.741 


363.45 


490.89 


746.78 


873.23 


1000.67 


1255.66 


1510.45 


2020.23 


2530.02 


.742 


364.16 


491.86 


747.26 


874.97 


1002.67 


1268.08 


1613.48 


2024.30 


2635.12 


.743 


364.87 


492.83 


748.75 


876.71 


1004.67 


1260.60 


1616.47 


2028.37 


2540.22 


.744 


365.58 


493.80 


760.24 


878.46 


1006.67 


1263.12 


1519.62 


2032.44 


2545.32 


.745 


366.29 


494.77 


761.73 


880.21 


1008.68 


1266.64 


1522.60 


2036.61 


2560.42 


.746 


367.00 


495.74 


753.22 


881.95 


1010.69 


1268.16 


1525.64 


2040.69 


2666.63 


.747 


367.71 


496.71 


754.71 


883.70 


1012.70 


1270.68 


1528.68 


2044.77 


2560.65 


.748 


368.43 


497.68 


766.10 


885.45 


1014.72 


1273.21 


1531.72 


2048.85 


2666.77 


.749 


369.15 


498.66 


767.59 


887.20 


1016.73 


1276.74 


1634.77 


2052.93 


2670.89 


.760 


369.86 


499.63 


759.18 


888.95 


1018.73 


1278.27 


1537.82 


2066.92 


2676.01 


.751 


370.57 


600.60 


760.67 


890.70 


1020.74 


1280.80 


1540.87 


2061.01 


2681.14 


.752 


371.28 


501.57 


762.16 


892.45 


1022.76 


1283.33 


1543.92 


2065.10 


2586.27 


.753 


372.00 


602.54 


763.65 


891.20 


1024.76 


1285.87 


1546.97 


2069.19 


2591.40 


.751 


372.72 


603.62 


765.15 


895.96 


1026.78 


1288.41 


1660.03 


2073.28 


2696.64 


.755 


373.43 


604.60 


766.65 


897.72 


1028.80 


1290.95 


1563.09 


2077.39 


2601.68 


.756 


374.14 


605.47 


768.15 


899.48 


1030.82 


1293.49 


1566.15 


2081.49 


2606.83 


.757 


374.85 


506.45 


769.65 


901.24 


1032.84 


1296.03 


1559.21 


2086.60 


2611.98 


.758 


375.57 


607.43 


771.15 


903.00 


1834.86 


1298.57 


1562.28 


2089.71 


2617.13 


.759 


376.29 


608.41 


772.65 


901.76 


1036.88 


1301.11 


1565.36 


2093.82 


2622.28 


.760 


377.01 


509.39 


774.15 


906.62 


1038.90 


1303.66 


1668.42 


2097.93 


2627.44 


.761 


377.73 


610.37 


776.65 


906.28 


1040.92 


1306.21 


1671.49 


2102.05 


2632.60 


.762 


378.45 


511.35 


777.15 


910.04 


1042.95 


1308.76 


1574.06 


2106.17 


2637.77 


.763 


379.17 


512.33 


778.66 


911.81 


1014.98 


1311.31 


1577.63 


2110.29 


2642.94 


.764 


379.89 


513.21 


780.16 


913.58 


1047.01 


1313.86 


1680.70 


2114.41 


2648.11 


.765 


380.61 


514.29 


781.67 


915.35 


1049.01 


1316.41 


1583.78 


2118.53 


2653.28 


.766 


381.33 


515.27 


783.17 


917-12 


1061.07 


1318.96 


1586.86 


2122.66 


2558.46 


.767 


382.05 


616.95 


781.68 


918.89 


1053.10 


1321.52 


1589.91 


2126.79 


2563.64 


.768 


382.77 


617.93 


786.19 


920.66 


1065.13 


1324.08 


1693.02 


2130.93 


2568.82 


.769 


383.49 


518.92 


787.70 


922.43 


1057.16 


1326.64 


1596.11 


2136.07 


2674.01 


.770 


381.21 


519.21 


789.21 


924.21 


1069.20 


1329.20 


1699.20 


2139.20 


2679.20 


.771 


381.93 


520.19 


790.72 


926.98 


1061.24 


1331.76 


1602.29 


2143.34 


2684.40 


.772 


385.65 


521.17 


792.23 


927.75 


1063.28 


1334.22 


1606.38 


2147.48 


2689.60 


.773 


386.37 


622.16 


793.74 


929.53 


1065.32 


1336.89 


1608.47 


2151.63 


2694.80 


.774 


387.09 


523.15 


795.26 


9)1.31 


1067.36 


1339.46 


1611.57 


2165.78 


2700.00 


.776 


387.82 


524.14 


796.77 


9:^3.09 


1069.40 


1342.03 


1614.67 


2159.93 


2706.20 


.776 


388.54 


525.12 


798.28 


934.87 


1071.44 


1344.60 


1617.77 


2164.09 


2710.41 


.777 


389.26 


526.11 


799.79 


936.65 


1073.48 


1347.17 


1620.87 


2168.19 


2716.62 


.778 


389.98 


527.10 


801.31 


938.43 


1075.63 


1349.75 


1623.97 


2172.36 


2720.84 


.779 


390.61 


528.09 


802.83 


910.21 


1077.58 


1362.33 


1627.07 


2176.51 


2726.06 


.780 


391.44 


529.08 


804.35 


941.99 


1079.63 


1354.91 


1630.18 


2180.73 


2731.28 


.781 


392.16 


630.07 


805.87 


943.n 


1081.68 


1357.49 


1633.29 


2184.90 


27d6JSl 


.782 


392.88 


631.06 


807.39 


915.56 


1083.73 


1360.07 


1636.40 


2189.07 


2741.74 


.783 


383.61 


532.06 


808.91 


947.35 


1066.78 


1362.65 


1639.51 


2193.24 


2746.97 


.781 


391.34 


533.04 


810.43 


919.14 


1087.83 


1365.23 


1642.62 


2197.41 


2762.21 


.785 


395.07 


534.04 


811.96 


950.93 


1089.89 


1367.82 


1646.74 


2201.59 


2757.45 


.786 


395.79 


535.03 


813.48 


962.72 


ioei.M 


1370.40 


1648.86 


2205.77 


2762.69 
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Depth 
on 


' ... ., — 

LBHOTH or THB WBIB. 


Weir. 




Feet. 


3 Feet 


4 Feet 


SFeat 


7 Feet 


8 Feet 


10 Feet 


It Feet 


IB Feet 


9F«i*. 


.787 


396 Jil 


536.02 


815.00 


054.51 


1004.00 


1372.90 


1661.96 


2200.96 


2767.M 


.788 


397.24 


537.01 


816J» 


996.30 1 1006.06 


1375JW 


16B5.10 


2214.14 


2773.10 


.789 


397.97 


538.01 


818.06 


958.00 1008.12 


1378.17 


1668.22 


2218.33 


2778.44 


.790 


396.71 


5:30.01 


819.60 


960.88 


1100.18 


1380.76 


1661ut5 


2'/2?..'>2 


2763.69 


.791 


399.44 


610.00 


821.12 


961.67 


1102.24 


13a3ul6 


1664.48 


2226.71 


2788.06 


.792 


400.17 


640.99 


822.65 


063.47 


1104.30 


1385.95 


1667.61 


2230.01 


2704.21 


.793 


400.90 


M1.00 


824.18 


966.27 


1106.36 


1388JS6 


1670.74 


2235.11 


2700.48 


.794 


401.63 


542.00 


826.71 


967.07 


1106.43 


1301.16 


1673.87 


2230.31 


2804.75 


.795 


402.36 


543.99 


827.24 


968.87 


1110.60 


1303.75 


16n.00 


2243.51 


2810.02 


.796 


403.09 


544.99 


828.77 


970.67 


1112.67 


]306..'» 


1680.14 


2247.72 


2815UW 


.797 


403.82 


545.99 


829.30 


972.47 


1114.64 


1398.95 


1683.28 


2251.93 


2820 JS8 


.798 


404.55 


546.99 


830.84 


974.27 


1116.71 


1401J)6 


1686.42 


2256.14 


2825.88 


.799 


405.28 


547.99 


832.38 


976.07 


1118.78 


1404.17 


1689.56 


2260.35 


2831.14 


.800 


406.02 


O4O.09 


834.92 


977.88 


1120.86 


1406.78 


1692.71 


2264JS7 


2836.43 


.801 


406.75 


649.99 


836.46 


979.68 


1122.92 


1400.30 


1606.86 


2268.79 


2041.72 


.802 


407.48 


550.99 


837.99 


961.49 1124.99 


1412.00 


1699.01 


2273.01 


2847.02 


.803 


408.22 


551.99 


839J» 


983.30 


1127.07 


1414.61 


1702.16 


22n.23 


2862.32 


.804 


408.96 


552.99 


811.07 


965.11 


1129.15 


1417.22 


1705.31 


2281.46 


285748 


.806 


409.69 


554.00 


812.61 


966.92 


1131.23 


1419.84 


1708.46 


2285.69 


2862.02 


.806 


410.42 


554.00 


844.15 


968.73 


1133.31 


1422.46 


1711.61 


2289.92 


2868.23 


.807 


411.15 


555.00 


845.69 


900.34 


1136.30 


1425.08 


1714.77 


2294.15 


2873JM 


.808 


411.89 


556.00 


847.23 


992.35 


1137.47 


1427.70 


1717.93 


2296.39 


2878.85 


.809 


412.63 


567.01 


848.78 


994.16 


1139.55 


1430.32 


1721.09 


2302.63 


2884.17 


.810 


413.37 


559.02 


860.33 


895.98 


1141.64 


1432.95 


1724.26 


2306.87 


2880.49 


.811 


414.10 


559.02 


861.87 


997.79 


1143.72 


1435.67 


1727.42 


2311.12 


2804.82 


.812 


414.83 


560.03 


863.42 


999.61 


1146.87 


1438.20 


1730.69 


2315.37 


2900.15 


.813 


415JS7 


561.04 


854.97 


1001.43 


1147.96 


1440.83 


1733.76 


2319.62 


2906.48 


.814 


416.31 


561.05 


866.62 


1003.25 


1160.05 


1443.86 


1736.93 


2323.87 


2910.81 


.815 


417.05 


564.06 


868.07 


1006.07 


1152.08 


1446.09 


1740.10 


2328.12 


2916.14 


.816 


417.79 


566.07 


859.62 


1006.89 


1154.17 


1448.72 


1743.27 


2332.38 


2021.48 


.817 


418.53 


666.08 


861.17 


1008.71 


1166.26 


1461.35 


1746.46 


2336.64 


2926.82 


.818 


419.27 


667.09 


862.72 


1010J» 


1158.35 


1453.99 


1749.63 


2340.90 


2932.17 


.819 


420.01 


568.10 


864.27 


1012.46 


1160.45 


1466.63 


1760.81 


2345.16 


2937 JS2 


.820 


420.75 


569.11 


865.83 


1014.19 


1162J» 


1469.27 


1766.99 


2349.43 


2042.87 


.821 


421.59 


670.12 


867.38 


1016.01 


1164.65 


1462.91 


1759.17 


2353.70 


2048.23 


.822 


122.33 


571.13 


868.93 


1017.84 


1166.75 


1466.56 


1760.35 


2357.97 


20S3J» 


.823 


123.07 


672.14 


870.49 


1019.67 


1168.86 


1468.19 


1763.54 


2362.24 


2058.06 


.824 


123.81 


573.15 


872.06 


1021.60 


1170.96 


1470.83 


1766.73 


2366.52 


2064.31 


.825 


424.45 


674.17 


873.61 


1023.33 


1173.05 


1472.48 


1771.92 


2370.80 


2060.67 


.826 


425.19 


.575.18 


875.17 


1025.16 


1176.15 


1475.13 


1775.11 


2375.08 


2975.04 


.827 


425.93 


676.19 


876,73 


1026.99 


1177.25 


1477.78 


1778.30 


2379.36 


2980.42 


.828 


426.68 


677.21 


878.29 


1028.82 


1179.36 


1480.43 


1781.60 


2381.65 


2065.80 


.829 


427.43 


678.24 


879.86 


1030.65 


1181.47 


1483.08 


1784.70 


2383.94 


2001.18 


.830 


428.17 


679.25 


881.41 


1032.49 


1183.68 


1485.74 


1787.90 


2392.23 


2006016 


.831 


428.91 


580.26 


882.97 


1034.33 


1185.69 


1488.39 


1791.10 


2396.53 


3001.06 


.832 


429.65 


581.28 


881.63 


1036.17 


1187.70 


1491.06 


1794.30 


2400.83 


3007.34 


.833 


430.40 


582.30 


886.10 


1038.01 


1189.81 


1493.71 


1797.61 


2406.13 I 3012.73 


.834 


431.15 


683.32 


887.67 


1039.85 


1191.92 


1496.37 


1800.72 


2409.43 


3018.13 


.835 


431.89 


684.34 


889.24 


1041.69 


1194.13 


1499.03 


1803.93 


2413.73 


3023.53 


.836 


432.63 


685.36 


890.80 


1043.53 


1196.24 


1601.69 


1807.14 


2418.04 


3028.98 


.837 


433.37 


686.38 


892.37 


1046.37 


1198.35 


1604.35 


1810.36 


2422.35 


3034.34 


.838 


434.12 


687.40 


893.M 


1047.21 


1200.47 


1607.02 


1813.66 


2426.66 


3030.75 


.839 


434.87 


688.42 


896.51 


1049.05 


1202.60 


1609.69 


1816.78 


2430.07 


3046.16 


.840 


435.62 


589.44 


897.08 


1060.90 


1204.72 


1512.36 


1820.00 


2435.20 


9060.57 


.841 


436.36 


690.46 


898.65 


1052.74 


1206.84 


1515.03 


1823.22 


2430.61 


3056J» 


.842 


437.10 


591.48 


900.22 


1054.59 


1208.06 


1617.70 


1826.44 


2443.93 


3061.41 


.843 


437.85 


692.60 


901.79 


ia'56.44 


1211.08 


1620.37 


1829.66 


2448.25 


3066.83 


QAA 

•on 


438.60 


593.53 


903.37 


1058.29 


1213.21 


1623.06 


1832.89 


2452.58 


3072.26 
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Depth 




on 


LBKOTH OF THE WEIB. 


rcct. 


8 Feet. 


4 Feet. 


6 Feet 


7 Feet 


8 Feet 


10 Feet 


12 Feet 


16 Feet 


SO Feet 


.845 


439.36 


594.56 


904.95 


1060.14 


1215.34 


1525.73 


1836.12 


2456.91 


3077.69 


.846 


440.11 


595.58 


906.52 


1061.99 


1217.47 


1528.41 


1839.35 


2461.24 


3083.13 


.847 


440.86 


696.60 


908.10 


1063.84 


1219.60 


1531.09 


1842.58 


2465.57 


3088.53 


.fttft 


441.61 


597.62 


909.68 


1065.69 


1221.73 


1533.77 


1845.81 


2469.91 


3093.97 


.849 


442.36 


598.65 


911.26 


1067.54 


1223.86 


1536.45 


1849.05 


2474.25 


3099.41 


.850 


443.11 


599.68 


912.84 


1069.41 


1225.99 


1539.14 


1852.29 


2478.69 


3104.89 


.851 


448.86 


600.71 


914.42 


1071.26 


1228.12 


1541.82 


1855.53 


2482.93 


8110.34 


.852 


444.61 


601.74 


916.00 


1073.12 


1230.25 


1544.51 


1858.77 


2487.28 


3116.79 


.853 


445.36 


602.77 


917.58 


1074.98 


1232.38 


1547.20 


1862.01 


2491.63 


3121.25 


.854 


446.11 


603.80 


919.16 


1076.84 


1234.52 


1549.89 


1865.25 


2495.98 


3126.71 


.855 


446.87 


604.83 


920.74 


1078.70 


1236.66 


1552.58 


1868.50 


2500.33 


3132.17 


.856 


417.62 


605.86 


922.32 


1080.56 


1238.80 


1555.27 


1871.75 


2504.69 


3187.64 


.857 


418 37 


606.89 


923.90 


1082.32 


1240.94 


1557.96 


1875.00 


2509.05 


3143.ll 


.858 


449.12 


607.92 


925.49 


1084.18 


1243.08 


1560.66 


1878.25 


2513.41 


3148.68 


.859 


449.87 


608.95 


927.08 


1086.05 


1245.22 


1563.36 


1881.50 


2517.77 


3154.05 


.8fl0 


450.63 


609.98 


928.67 


1088.02 


1247.37 


1566.06 


1884.75 


2522.14 


3159.53 


.861 


451.38 


610.01 


930.26 


1089.88 


1249.51 


1568.76 


1888.01 


2526.61 


3165.01 


.862 


452.18 


611.04 


932.85 


1091.75 


1251.65 


1571.46 


1891.27 


2630.88 


3170.49 


.863 


462.89 


612.07 


934.45 


1093.62 


1253.80 


1574.16 


1894.53 


2535.25 


3175.98 


.864 


453.65 


613.11 


936.04 


1095.49 


1255.85 


1576.87 


1897.79 


2539.63 


3181.47 


.865 


451.41 


615.15 


936.62 


1097.36 


1258.10 


1579.58 


1901.05 


2544.01 


3186.96 


.866 


455.16 


616.18 


938.21 


1099.23 


1260.25 


1582.29 


1904.32 


2648.39 


3192.46 


.867 


455.91 


617.21 


939.80 


1101.10 


1262.40 


1585.00 


1907.69 


2662.77 


3197.96 


.868 


466.67 


618.25 


941.39 


1102.97 


1264.56 


1587.71 


1910.86 


2667.15 


3203.46 


.869 


457.43 


619.29 


942.98 


1104.85 


1266.70 


1590.42 


1914.13 


2561.54 


3208.96 


.870 


458.19 


620.33 


944.59 


1106.73 


1268.86 


1593.13 


1917.40 


2565.93 


3214.47 


.871 


458 91 


621.36 


946.18 


1108.60 


1271.01 


1595.84 


1920.67 


2570.32 


3219.98 


.872 


459.71 


622.40 


947.78 


1110.48 


1273.17 


1598 56 


1923.95 


2674.72 


3226.50 


.873 


460.46 


623.44 


949.38 


1112.36 


1275.33 


1601.28 


1927.23 


2.579.12 


3231.02 


.874 


461.22 


624.48 


950.98 


1114.24 


1277.49 


1604.00 


1930.51 


2583.62 


3236.54 


.875 


461.98 


625.52 


952.58 


1116.12 


1279.65 


1606.72 


1933.79 


2587.92 


3242.06 


.876 


462.74 


626.56 


954.18 


1118.00 


1281.81 


1609.44 


1937.07 


2692.33 


3247.59 


.877 


463.50 


627.60 


955.78 


1119.88 


1283.97 


1612.16 


1940.35 


2596.34 


3253.12 


.878 


464.26 


628.64 


957.38 


1121.76 


1285.13 


1614.89 


1943.64 


2600.75 


3258.65 


.879 


465 02 


629.68 


958.99 


1123.64 


1287.30 


1617.62 


1946.93 


2606.16 


3264.18 


.880 


465.78 


630.72 


960.60 


1125.53 


1290.47 


1620.35 


1960.22 


2609.97 


3268.72 


.881 


466.54 


631.76 


962.20 


1127.38 


1292.64 


1623.08 


1953.61 


2614.39 


3275.26 


.882 


467.30 


632.80 


963.80 


1129.27 


1294.81 


1625.81 


1956.81 


2618.81 


3280.81 


.883 


468.06 


633.84 


965.40 


1131.16 


1296.98 


1628.M 


1960.11 


2623.23 


3286*36 


.881 


468.82 


634.89 


967.00 


1133.05 


1299.15 


1631.27 


1963.41 


2627.65 


3291.91 


.885 


469.50 


635.94 


968.63 


1134.97 


1301.32 


1634.01 


1966.70 


2632.08 


3297.46 


.886 


470.36 


636.98 


970.24 


1136.86 


1303.49 


1636.75 


1970.00 


2636.51 


3303.02 


.887 


471.11 


638.02 


971.85 


1138.75 


1305.66 


1639.49 


1973.30 


2610.94 


3308.68 


.888 


471.87 


639.07 


973.46 


1140.64 


1307.83 


1642.23 


1976.60 


2646.37 


3314.14 


.889 


472.64 


640.12 


975.07 


1142.54 


1310.01 


1644.97 


1979.91 


2619.81 


3319.71 


.890 


473.41 


641.17 


976.68 


1144.44 


1312.19 


1647.71 


198:^.22 


2654.25 


3325.28 


.891 


474.17 


642.21 


979.90 


1146.:^ 


1314.37 


1660.45 


1986.53 


2658.76 


3330.85 


.892 


474.93 


643.25 


971.51 


1148.23 


1316.55 


1653.19 


1989.84 


2663.28 


3336.45 


.893 


475.70 


644.30 


973.12 


1150.13 


1318.73 


1655.93 


1993.16 


2667.80 


3342.03 


.894 


476.47 


645.35 


974.14 


1152.03 


1320.91 


1658.61 


1996.48 


2672.32 


3347.61 


.895 


477.24 


646.41 


984.75 


1153.93 


1323.10 


1661.44 


1999.80 


2676.48 


3363.17 


.896 


478.00 


647.46 


986.37 


1155.83 


1325.28 


1664.19 


2003.12 


2680.93 


3358.76 


.897 


478.76 


648.51 


987.99 


1157.73 


1327.46 


1666.94 


2006.44 


2685.39 


3364.36 


398 


479.54 


649.56 


989.61 


1159.68 


1329.65 


1669.70 


2009.76 


2689.85 


3369.94 


.899 


480.31 


650.61 


991.23 


1161.53 


ia31.84 


1672.46 


2013.08 


2694.31 


337550 


.900 


481.07 


661.66 


992.85 


1163.44 


1334.03 


1675.22 


2016.40 


2698.77 


3:«1.14 


.901 


481.83 


652.71 


994.47 


1165.34 


1336.22 


1677.98 


2019.73 


2703.24 


3386.74 


Mi 


482.60 


653.76 


996.09 1167.25 


1338.41 


1680.74 


2023.06 


2708.71 


3392.35 
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Immb 


LBXOTH OV THB WBIB. 


WhU, 


SPmC 


4PMi 


<P«C. 


7FMt 


8F«C. 


WFMi 


ISFtat 


MFwC. 


»F«C. 


.903 


483.37 


004.81 


097.71 


1169.16 


1340.60 


I683J(0 


2026.39 


2n3.18 


3397.96 


.904 


484.14 


066.87 


999.33 1171.07 


1342.79 


1686.26 


2029.72 


2717.66 


340SJ7 


.905 


484.91 


006.93 


1000.90 1172.98 


1344.90 


1689.02 


2033.00 


2721.12 


3400.18 


.900 


480.68 


067.98 


1002.58 


1174.89 


1347.18 


1691.79 


20364S9 


272S.00 


3414J» 


.907 


486.45 


860.03 


1004.20 


1176.80 


1349.38 


16MJ6 


2039.73 


2730.06 


3420.42 


.900 


487.22 


000.09 


1005.83 


1178.71 


1361.68 


1607.33 


2043.07 


27344W 


3428.04 


.900 


487.90 


001.15 


1007.40 


1180.62 


1363.78 


1700.10 


2047.41 


2730.04 


3431.06 


.910 


488.70 


002.21 


1009.00 


1182JM 


1365.98 


1702.87 


2049.76 


2743J» 


3437 JO 


.911 


489J» 


003.20 


1010.72 


1184.46 


1358.18 


1705.64 


2063.09 


2748.02 


3442.93 


.912 


4903) 


004.32 


1012.35 


1186.36 


1300.38 


1706.41 


2066.44 


27S2JS1 


3448J7 


.913 


491.07 


006.38 


1013.98 


1188.28 


]362J» 


1711.19 


2009.79 


2757.00 


3454.21 


.914 


491.84 


000.44 


1015.61 


1190.28 


1364.79 


1713J7 


2063.14 


2761.49 


3409.85 


.915 


492.02 


007.60 


1017.25 


1192.12 


1367.00 


1716.75 


2006.49 


2766J9 


3465.49 


.910 


498.39 


068.60 


1018.88 


1194.04 


1369.20 


1719J0 


2069.84 


2n0.49 


3471.14 


.917 


494.16 


060.62 


1020.61 


1195.96 


1371.41 


1722.31 


2073.20 


2774.90 


3476.79 


.918 


494.99 


070.08 


1022.14 


1197.88 


1373.62 


1725.00 


2070.66 


2n9J» 


3482.44 


.919 


490.71 


071.74 


1024.78 


1190.80 


1375.83 


1727.87 


2079.92 


2784.01 


3488.10 


.920 


496.49 


672.80 


1026.42 


1201.73 


1378.04 


1730.66 


2083.28 


2788.52 


3493.76 


.921 


497.20 


673.86 


1027.06 


1203.65 


1380.25 


1733.45 


2086.64 


2793.03 


3499.42 


.922 


498.03 


674.92 


1028.69 


1206 J)7 


i;^2.46 


1736.24 


2090.00 


2797.65 


3605.09 


.923 


498.80 


676.98 


1030.33 


1207.50 


1384.67 


1739.03 


2093.37 


2802.07 


3510.76 


.924 


490.58 


677.06 


1031.97 


1209.43 


1386.89 


1741.82 


2096.74 


2806.69 


3516.43 


.925 


000.30 


678.12 


1033.01 


1211.36 


1389.11 


1744.01 


2100.11 


2811.11 


3622.10 


.926 


601.13 


679.18 


1035.25 


1213.29 


1391.33 


1747.40 


2103.48 


2816.63 


3627.78 


.927 


601.91 


680.24 


1030.89 


1215.22 


1393.55 


1751.20 


2106.85 


2820.16 


3633.48 


.928 


602.60 


081.30 


1038.63 


1217.15 


1395.77 


1754.00 


2110.22 


2824.69 


3639.16 


.929 


503.47 


081.37 


1010.17 


1219.08 


1397.99 


1756.80 


2113.60 


2829.23 


3544U» 


.930 


604.25 


683.44 


1041.82 


1221.02 


1400.21 


1758.60 


2116.98 


2833.75 


3650 Ji2 


.931 


600.02 


684.60 


1043.40 


1222.95 


1402.43 


1761.40 


2120.30 


2838.29 


3666.21 


.932 


606.80 


665.67 


1045.11 


1224.88 


1404.65 


1764.20 


2123.68 


2842.83 


3661.91 


.933 


200.58 


686.64 


1046.76 


1226.82 


1406.88 


1767.00 


2127.06 


2847.37 


3667.61 


.934 


207.36 


667.73 


1048.41 


1228.76 


1409.11 


1769.81 


2130.46 


2851.91 


3673.31 


.935 


608.14 


688.78 


1050.06 


1230.70 


1411.34 


1772.62 


2133.90 


2856.46 


3579.01 


.936 


606.92 


689 86 


1051.71 


1232.64 


1413.57 


1775.43 


2137.29 


2861.00 


3584.72 


.937 


609.70 


690.92 


1053.36 


1234.68 


1416.80 


1778.24 


2140.68 


2865.65 


3690.43 


.938 


510.48 


691.99 


1055.01 


1236.62 


1418.03 


1781.05 


2144.07 


2870.10 


3596.14 


J939 


611.20 


693.06 


1066.66 


1238.46 


1420.26 


1783.86 


2147.40 


2874.66 


3601.86 


.940 


612.04 


694.13 


1058.31 


1240.40 


1422.49 


1786.67 


2160.85 


2879.22 


3607.58 


.941 


612.82 


695.20 


1059.96 


1242.34 


1424.72 


1789.48 


2154.25 


2883.78 


3613.30 


.942 


513.60 


606.27 


1061.61 


1244.38 


1426.95 


1792.30 


2157.65 


2888.34 


3619.03 


.943 


514.88 


697.34 


1063.26 


1246.23 


1429.19 


1795.12 


2161.00 


2892.90 


3624.76 


.944 


616.16 


688.41 


1064.92 


1248.18 


1431.43 


1797.14 


2164.46 


2897.46 


3630.49 


.945 


515.95 


699.49 


1066.58 


1250.13 


1433.67 


1800.76 


2167.85 


2902.03 


3636.22 


.940 


516.73 


700.66 


1068.23 


1252.18 


1435.91 


1803.68 


2171.26 


2906.60 


3641.96 


.947 


517.61 


701.63 


1069.89 


1254.13 


1438.15 


1806.40 


2174.67 


2911.17 


3647.70 


.948 


618.29 


702.71 


1071.55 


1256.08 


1440.39 


1809.23 


2178.08 


2915.76 


3663.44 


.949 


519.07 


703.79 


1073.21 


1258.03 


1442.63 


1812.06 


2181.49 


2920.33 


3659.18 


.950 


519.86 


704.87 


1074.87 


1259.88 


1444.88 


1814.89 


2184.90 


2924.91 


3664.93 


.951 


520.64 


705.94 


1076.63' 


1261.13 


1447.12 


1817.72 


2188.31 


2929.49 


3670.68 


.952 


521.42 


707.01 


1078.19 


1263.08 


1449.36 


1820.55 


2191.72 


2934.07 


3676.43 


.953 


522.20 


708.09 


1079.85 


1265.03 


1451.61 


1823.38 


2195.14 


2938.65 


3682.19 


.954 


522.99 


709.17 


1081.51 


1266.99 


1463.86 


1826.21 


2198.66 


2943.24 


3687.96 


.955 


523.78 


710.25 


1083.18 


1269.65 


1456.11 


1829.06 


2201.98 


2947.85 


3693.71 


.966 


524.66 


711.33 


1084.84 


1271.61 


1458.36 


1831.88 


2205.40 


2952.44 


3699.48 


.957 


525.34 


712.41 


1086.60 


1273.57 


1460.61 


1834.72 


2208.82 


2957.04 


3705.25 


.958 


626.13 


713.49 


1088.17 


1275.53 


1462.86 


1837 J% 


2212.25 


2961.64 


3711.02 


.958 


626.92 


714.57 


1069.84 


1277.49 


1465.12 


1810.40 


2215.68 


2966.24 


3716.79 


.960 


627.71 


716.65 


1091.51 


1279.45 


1467.38 


1843.24 


2219.11 


2970.84 


3722.67 
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D«pth 


















on 
Wdr. 






IMBQTH. or TBM Wl 


UB. 






F«C. 


4FMi 


CFmI 


7F«C. 


8FMi 


IDFMt 


UFmI. 


MF«C. 


mrmtL 


1.019 


780.19 


1191.24 


1396.76 


irQ2.28 


2013.33 


2424.37 


3246.46 


4068JM 


1.020 


781.30 


1192.96 


1896.78 


1604.60 


2016.26 


2427.00 


3281.19 


4074.49 


1.021 


782.41 


1194.66 


1400.79 


1606.92 


2019.16 


2431.43 


3256.93 


4060.44 


1.022 


783.62 


1196.37 


1402.81 


1609.24 


2022.06 


2434.96 


3260.67 


4086.40 


1.023 


784.63 


1198.09 


1404.83 


1611.06 


2. 24.97 


* 2438.49 


3266.42 


4002.96 


1.024 


786.74 


1199.81 


1406.86 


1613.88 


2027.88 


2442.02 


3270.17 


4008.32 


1.026 


786.86 


1201.63 


1406.87 


1616.21 


2030.89 


2446.66 


3274.92 


4104.28 


1.026 


787.96 


1203.24 


1410.89 


1618Jn 


2033.82 


2449.10 


3279.67 


4110.25 


1.027 


789.07 


1204.96 


1412.91 


1620.86 


2036.76 


2462.64 


3284.32 


4116.22 


1.028 


790.18 


1206.68 


1414.93 


1623.18 


2039.88 


2466.18 


3289.18 


4122.19 


1.029 


791.28 


1206.40 


1416.95 


1626.61 


2042.82 


24&9.72 


32ft{.94 


4128.16 


1.030 


792.40 


1210.12 


1418.98 


1627.84 


2046.56 


2463.27 


8298.70 


4134.14 


1.031 


793.61 


1211.84 


1421.00 


1630.17 


2048.60 


2466.82 


83a3.46 


4140.12 


1.032 


794.82 


1213.66 


1423.03 


1632.60 


2061.44 


2470ui7 


3308.23 


4146.10 


1.033 


796.73 


1216.28 


1426.06 


1634.83 


2064.38 


2473.92 


3313.00 


4162.00 


1.034 


796.84 


1217.01 


1427.07 


1637.16 


2067.32 


2477.47 


3317.77 


4158.08 


1.036 


797.96 


1218.74 


1429.12 


1639.60 


2060.26 


2481.02 


3322.64 


4164.07 


1.036 


799.07 


1220.46 


1431.16 


1641.83 


2063.20 


24M.67 


3327.32 


4170.06 


1.037 


800.19 


1222.18 


1433.18 


1644.16 


2066.14 


2488.13 


XW2.10 


4176.06 


1.038 


801.31 


1223.91 


1436.21 


1646.60 


2069.09 


2191.69 


3336.88 


4182.06 


1.039 


802.43 


1226.64 


1437.24 


1648.84 


2072.04 


2496.26 


3341.66 


4188.06 


1.040 


803.66 


1227.37 


1439.27 


1661.18 


2074.99 


2498.81 


3346.44 


4194.06 


1.041 


804.66 


1229.10 


1441.30 


1663 J»2 


20n.94 


2602.37 


8361.22 


4200.07 


1.042 


806.78 


1230.83 


1443.33 


1666.86 


2080.89 


2606.93 


8856.01 


4206.08 


1.043 


806.90 


1232.66 


1446.37 


1658.20 


2083.84 


2600.60 


3360.80 


4212J» 


1.044 


806.02 


1234.29 


1447.41 


1660.64 


2086.80 


2513.07 


3365.69 


4218.11 


1.046 


809.14 


1236.02 


1449.46 


1662.89 


2089.76 


2616.64 


3370.38 


4224.13 


1.046 


810.16 


1237.76 


1461.49 


1666.26 


2092.72 


2520.21 


3376.18 


4030.16 


1.047 


811.27 


1239.48 


146:).63 


1667.67 


2095.68 


2623.78 


3379.96 


4036.18 


1.048 


812.39 


1^1.21 


1466.67 


1669.92 


2098.64 


2627.35 


3384.78 


4042.21 


1.049 


813.41 


1242.94 


1457.61 


1672.27 


2101.60 


2630.93 


3389.68 


4048.24 


1.060 


814.73 


1244.68 


1459.66 


1674.62 


2104.66 


2634.61 


3394.39 


4264.27 


1.061 


816.86 


1246.41 


1461.69 


1676.97 


2107.62 


2638.09 


3399.20 


4260.31 


1.062 


816.97 


1248.14 


1463.73 


1679.32 


2110.49 


2641.67 


3404.01 


4266.36 


1.053 


818.09 


1249.88 


1466.77 


1681.67 


2113.46 


2646.25 


3408.82 


4272.39 


1.064 


819.21 


1261.62 


1467.82 


1684.02 


2116.43 


2548.83 


3413.63 


4278.43 


1.065 


820.34 


1263.36 


1469.87 


1686.38 


2119.40 


2652.41 


3418.46 


4284.48 


1.056 


821.46 


1265.10 


1471.92 


1688.73 


2122.37 


2556.00 


3423.27 


4290JS3 


1.057 


822.68 


1256.84 


1473.97 


1691.09 


2126.34 


2559.69 


3428.09 


4296.68 


1.05b 


823.71 


1266.68 


1476.02 


1693.46 


2128.31 


2663.18 


3432.91 


4302.63 


1.059 


824.84 


1260.32 


1478.07 


1695.81 


2131.28 


2666.77 


3437.73 


4308.69 


1.060 


826.97 


1262.07 


1480.12 


1698.17 


2134.26 


2570.36 


3442.66 


4314.76 


1.061 


827.09 


1263.81 


1482.17 


1700.53 


2137.24 


2673.95 


3447.39 


4320.82 


1.062 


828.21 


1265.65 


1484.22 


1702.89 


2140.22 


2677.65 


3452.22 


4326.89 


1.063 


829.34 


1267.29 


1486.27 


1705.25 


2143.20 


2581.16 


3457.05 


4332.96 


1.0&4 


830.47 


1269.04 


1488.32 


1707.61 


2146.18 


2584.76 


3461.89 


4339.03 


1.066 


831.60 


1270.79 


1490.38 


1709.98 


2149.16 


2588.36 


3466.73 


4346.10 


1.066 


832.72 


1272.63 


1492.43 


1712.34 


2152.14 


2591.95 


3471.67 


4361.18 


1.067 


833.85 


1274.28 


1494.49 


1714.70 


2155.13 


2596.66 


3476.41 


4367.26 


1.068 


834.98 


1276.03 


1496.65 


1717.07 


2158.12 


2599.16 


3481.25 


4363.34 


1.069 


836.11 


1277.78 


1498.61 


1719.44 


2161.11 


2602.71 


3486.10 


4369.42 


1.070 


837.24 


1279.63 


1500.67 


1721.81 


21&I.10 


2606.38 


3490.95 


4376.51 


1.071 


838.37 


1281.28 


1502.73 


1724.18 


2167.09 


2609.99 


3495.80 


4381.60 


1.072 


839.60 


1283.03 


1604.79 


1726.56 


2170.08 


2613.60 


3500.65 


4387.70 


1.073 


840.63 


1284.78 


1606.85 


1728.92 


2173.07 


2617.21 


3506.60 


4393.80 


1.074 


841.76 


1286.63 


1608.91 


1731.29 


2176.06 


2620.83 


3610.36 


4399.90 


1.076 


842.89 


1288.28 


1610.98 


1733.67 


2179.06 


2624.46 


3616.22 


4406.00 


1.076 


844.02 


1290.03 


1613.04 


1736.04 


2182.06 


2628.07 


3620.08 


4412.11 
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Depth 


















on 






LBirOTH or THB WBIB* 






Feet. 


4Fett. 


<FmC 


rFMC 


6 Feet 


10 Feet 


UFect 


16 Feet 


SO Feet 


i.on 


846.15 


1291.78 


1515.10 


1738.42 


2185.06 


2631.69 


3624.94 


4418.22 


1.078 


846.28 


1293.33 


1517.17 


1740.80 


2188.06 


2635.31 


3629.81 


4424.33 


1.079 


847.41 


1295.28 


1519.24 


1743.18 


2191.06 


2638.93 


3634.68 


4430.44 


1.080 


848.56 


1297.06 


1521.31 


1745.56 


2191.06 


2642.56 


3539.55 


4436.66 


1.061 


849.68 


1298.81 


1523.38 


1747.94 


2197.06 


2646.18 


3644.43 


4442.67 


1.062 


850.81 


1300.57 


1525.45 


1750.32 


2200.06 


2619.81 


3649.30 


4448.79 


1.063 


851.95 


1302.33 


1527.52 


1752,70 


2203.06 


2653.44 


3564.17 


4454.91 


1.061 


&'».09 


1301.09 


1529.59 


1756.08 


2206.07 


2667.07 


3669.04 


4461.01 


1.085 


654.23 


1305.85 


1531.66 


1757.47 


2209.08 


2660.70 


3663.93 


4467.17 


1.066 


855.36 


1307.61 


1533.73 


1759.85 


2212.09 


2664.33 


3568.81 


4473.30 


1.067 


856.49 


1309.37 


1635.80 


1762.23 


2215.10 


2667.97 


3573.70 


4479.13 


1.066 


857.63 


1311.13 


1637.87 


1761.62 


2218.11 


2671.61 


3678.69 


4485 JS7 


1.089 


858.77 


1312.89 


1539.«S 


1767.01 


2221.12 


2675.26 


3683.48 


4491.71 


1.090 


859.91 


1314.66 


1542.03 


1769.40 


2224.14 


2678.89 


3688.37 


4497.85 


1.091 


861.05 


1316.42 


1544.10 


1771.79 


2227.16 


2682.63 


3593.16 


4604.00 


1.092 


862.19 


1318.18 


1546.17 


1774.18 


2230.18 


2t86.17 


3596.06 


4610.16 


1.093 


863.23 


1319.95 


1618.24 


1776.67 


2233.20 


2C89.81 


3603.76 


4616.30 


1.0M 


864.37 


1321.72 


1660.32 


1778.96 


2236.22 


2693.46 


3606.66 


4622.46 


1.095 


865.01 


1323.49 


1552.42 


1781.36 


2239.24 


2697.11 


3612.86 


4628.61 


1.096 


866.75 


1325.25 


1554.50 


1783.76 


2242.26 


2700.76 


3617.76 


4634.77 


1.097 


867.89 


1327.60 


1556.58 


1786.15 


2246.28 


2704.41 


3622.67 


4640.93 


1.096 


869.03 


1328.79 


1568.66 


1788.65 


2248.30 


2706.06 


3627 J» 


4547.19 


1.099 


860.17 


1330 J% 


1560.75 


1790.95 


2251.33 


2711.71 


3632.49 


4563.36 


1.100 


871.31 


1332.33 


1562.84 


1793.35 


2251.36 


2715.37 


3637.40 


4669.43 


1.101 


872.46 


1334.10 


1561.92 


1795.76 


2257.39 


2719.03 


3642.32 


4666.60 


1.102 


873.61 


1336.87 


1667.00 


1798.16 


2260.42 


2722.69 


3647.24 


4671.78 


1.103 


874.76 


1337.64 


1569.09 


1800.55 


2263.45 


2726.36 


3652.16 


4677.96 


1.104 


875.91 


1339.41 


1571.18 


1802.95 


2266.48 


2730.01 


3657.08 


4684.14 


1.105 


8n.03 


1341.19 


1573.27 


1805.36 


2269 JJ2 


2733.68 


8662.00 


4590.32 


1.106 


878.17 


1342.96 


1575.36 


1807.76 


2272.66 


2737.34 


3666.93 


4696.61 


1.107 


879.31 


1344.73 


15n.45 


1810.16 


2275.58 


2741.01 


3671.86 


4602.70 


1.106 


880.46 


134SM 


1579.54 


1812.67 


2278.62 


2744.67 


3676.79 


4606.89 


1.109 


881.50 


1348.29 


1581.63 


1814.96 


2281.66 


2748.34 


3681.72 


4616.06 


1.110 


882.76 


1360.07 


1683.73 


1817.39 


2284.70 


2752 02 


3686.65 


4621.28 


1.111 


883.89 


1361.86 


1586.82 


1819 80 


2287.74 


2765.69 


3691.59 


4627.48 


1.112 


886.01 


1363.63 


1687.91 


1822.21 


2290.78 


2769.36 


3666.53 


4633.68 


1.113 


886.19 


1356.41 


1690.91 


1821.62 


2293.82 


2763.04 


3701.47 


4639.89 


1.114 


88734 


1357.19 


1592.11 


1827.03 


2296.87 


2766.72 


3706.41 


4646.10 


1.116 


888.49 


1358.97 


1691.21 


1829.45 


2299.92 


2770.40 


3711.36 


4662.31 


1.116 


889.61 


1360.75 


1596.31 


1831.86 


2302.97 


2774.08 


3716.30 


4668.62 


1.117 


89'1.79 


1362.53 


1596.41 


1834.27 


2306.02 


2777.76 


3721.25 


4664.74 


1.118 


891.91 


1364.31 


1600.51 


1836.69 


2309.07 


2781.44 


3726.20 


4670.96 


1.119 


893.19 


1366.10 


1602.61 


1839.11 


2312.12 


2786.13 


3731.15 


4677.18 


1.120 


891.24 


1367.89 


1601.71 


1841.53 


2315.17 


2788.82 


3736.11 


4683.40 


1.121 


895u» 


1369.67 


1606.81 


1813.95 


2318.22 


2792.61 


3741.07 


4689.63 


1.122 


896JH 


1371.45 


1608.91 


1816.37 


2321.28 


2796.20 


3746.03 


4695.86 


1.123 


897.69 


1373.24 


1611.01 


18^8.79 


2324.&1 


2799.89 


3750.99 


4702.09 


1.124 


896.81 


1375.03 


1613.12 


1851.21 


2327.40 


2803.58 


3766.95 


4708.32 


1.125 


890.99 


1376.82 


1615.23 


1853.&4 


2330.46 


2807.28 


3760.92 


4714.56 


1.126 


901.14 


1378.61 


1617 33 


1866.06 


2333.52 


2810.77 


3766.89 


4720.80 


1.127 


902.29 


1380.40 


1619.44 


1868.48 


2336.58 


2814.27 


3Tr0.86 


4727.04 


1.126 


903.44 


1382.19 


1621 J» 


1860.91 
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2000.68 


3217.02 


3878.96 


6202.83 


6626.71 


1.401 


1895.10 


2226.43 


2557.75 


3220.40 


3883.05 


5208.34 


6633.64 


1.402 


1897.06 


2228.70 


2560.42 


3223.78 


3887.14 


6213.80 


6640JS7 


1.403 


1899.02 


2231.07 


2563.09 


3227.16 


3891.23 


6219.36 


6647.60 


1.404 


1900.99 


2233.39 


2565.77 


3230.55 


3895.32 


6224.88 


6646.43 


1.405 


1902.96 


2230.71 


2568.45 


3233.94 


3899.42 


6230.40 


6661.37 


1.406 


1904.92 


2038.03 


2571.12 


3237.32 


3908.52 


6235.92 


6668.29 


1.407 


1906.88 


2040.30 


2573.79 


3240.71 


3907.62 


6239.44 


6076.21 


1.408 


1908.84 


2042.67 


2576.46 


3244.10 


3910.72 


6244.96 


6682.14 


1.409 


1910.81 


2014.99 


2579.13 


3247.49 


3913.82 


5248.48 


6680.17 


1.410 


1912.79 


2247.32 


2581.81 


3250.88 


3919.92 


6258.01 


6606.10 


1.411 


1914.76 


2249.64 


2584.94 


3254.27 


3924.02 


6263.54 


6603.06 


1.412 


1916.73 


2251.96 


2587.18 


3257.66 


3928.13 


6267.07 


6610.00 


1.413 


1918.70 


2204.78 


2589.88 


3261.05 


3932.24 


6272.60 


6616.95 


1.414 


1920.67 


2206.61 


2592.58 


3264.45 


3936.35 


6278.13 


6623 91 


1.415 


1922.64 


2208.94 


2595.25 


3267.85 


3940.46 


6285.67 


6630.87 


1.416 


1924.61 


2261.27 


2598.93 


3271.65 


3944.57 


6289.22 


6637.73 


1.417 


1926.08 


2263.60 


2601.61 


3274.05 


3948.68 


5292.76 


6644.60 


1.418 


1928.00 


2260.93 


2604.30 


3279.45 


3955.79 


6296.21 


6651.47 


1.419 


1930.02 


2268.26 


2606.99 


3280.85 


3959.90 


6299.65 


6dd8.94 


1.420 


1932.00 


2270.09 


2608.68 


3284.85 


3961.02 


6313.37 


6666.71 


1.421 


1934.47 


2272.92 


2611.37 


3288.25 


3965.14 


6318.92 


6672.69 


1.422 


1936.44 


2270.20 


2614.06 


3291.65 


3969.26 


6324.47 


6679j67 


1.428 


1938.42 


22n.08 


2616.75 


3295.05 


3973.38 


6.100.02 


6686.66 


1.424 


1940.40 


2279.91 


2619.44 


3298.46 


39n.51 


0936Jn 


6603.63 



248 



r 
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OB 




] 


LSNOTH OF THB WKIB. 


V 




Feet 


<Fe«C. 


rFeet 


8 Feet 


10 Feet 


UFeet 


UFeet 


SDFeet 


1.425 


1912.38 


2282.25 


2622.13 


3301.87 


3981.62 


5311.12 


6700.61 


i.4as 


1914.35 


2281.58 


2624.83 


3306.28 


3985.75 


5316.67 


6707.60 


1.427 


1916.33 


2286.91 


2627 J(2 


3308.69 


3989.88 


5352.23 


6714.59 


1.428 


1918.31 


2289.25 


2630.21 


3312.10 


3991.01 


5357.79 


6721.58 


1.429 


1960.29 


2291.59 


2632.90 


3315.51 


3998.15 


6363.35 


6728.57 


1.430 


1952.27 


2293.93 


2635.60 


3318.93 


4002.25 


5368.91 


6735.57 


1.431 


1954.25 


2296.27 


2638.29 


3322.31 


4006.38 


5374.47 


6742.57 


1.432 


1956.23 


2296.61 


2610.99 


3326.75 


4010.51 


5380.01 


6749.57 


1.433 


1958.21 


2300.95 


2613.69 


3329.17 


4014.61 


5385.61 


6766Ji7 


1.434 


1960.19 


2303.09 


2616.39 


3332.59 


4018.78 


5391.18 


6763.57 


1.435 


1962.17 


2305.63 


2649.09 


3336.01 


4022.92 


5396.75 


6770.58 


1.435 


1961.15 


2307.97 


2651.79 


3339.23 


4027.06 


5102.32 


6777.59 


1.437 


1966.13 


2310.31 


2651.49 


3312.45 


4031.20 


5107.90 


6781.60 


1.438 


1968.11 


2312.65 


2657.19 


3315.67 


4035.31 


M 13.48 


6791.61 


1.439 


1970.09 


2315.00 


2659.89 


3318.89 


4039.48 


5119.06 


6798.63 


1.440 


19r2.09 


2317.35 


2662.60 


3;i'K{.ll 


4043.62 


5424.64 


6806.65 


1.441 


1974.07 


2319.69 


2665.30 


3356.53 


4017.76 


5130.22 


6812.67 


1.442 


1976.05 


2322.03 


2668.00 


3369.95 


4051.90 


5135.80 


6819.70 


1.443 


1978.01 


2321.38 


2670.71 


3363.38 


4066.05 


5141.39 


6826.73 


1.444 


1980.03 


2326.73 


2673.42 


3366.81 


4060.20 


5446.98 


6833.76 


1.445 


1982.02 


2329.08 


2676.13 


3370.24 


4064.35 


3152.57 


6810.79 


1.446 


1981.01 


2331.43 


2678.81 


3373.67 


4068.50 


5458.16 


6817.80 


1.447 


1986.00 


2333.78 


2681.55 


3377.10 


4072.66 


5163.75 


6854.a3 


1.448 


1967.99 


2336.13 


2684.26 


3380.53 


4076.80 


3169.34 


6861.87 


1.449 


1969.98 


2338.48 


2686.97 


3383.96 


4080.96 


5474.91 


6868.91 


1.450 


1991.97 


2340.83 


2689.69 


3387.40 


4085.12 


5480.64 


6875.97 


1.451 


1993.96 


2313.18 


2692.40 


3390.83 


4089.27 


6486.14 


6883.01 


1.452 


1996.95 


2345.53 


2695.11 


3391.27 


4093.43 


6491.74 


6890.06 


1.453 


1997.91 


2317.88 


2697.82 


3397.71 


4097.59 


5197.34 


6897.11 


1.4M 


1999.93 


2360.24 


2700 JM 


3101.15 


4101.75 


5602.95 


6904.16 


1.455 


2001.93 


2352.60 


2703.26 


&101.59 


4105.91 


5508.56 


6911.21 


1.456 


2i03.92 


2351.96 


2705.97 


3108.03 


4110.07 


5514.17 


6918.27 


1.457 


2205.91 


2367.30 


2708.69 


3111.47 


4114.23 


5519.78 


6825.33 


1.458 


2207.91 


2359.66 


2711.41 


3114.91 


4118.40 


5525.39 


6932.39 


1.450 


2209.91 


2362.06 


2714.13 


3118.35 


4122.57 


5531.01 


6039.45 


1.460 


2011.91 


2364.38 


2716.86 


2M21.80 


4126.74 


5536.63 


6946JS2 


1.46t 


2013.90 


2366.74 


2719J»7 


3125.24 


4130.91 


5542.26 


6963JJ9 


1.462 


2015.90 


2369.10 


2722.29 


3128.68 


4136.08 


6547.87 


6960.66 


1.463 


2017.90 


2371.46 


2726.01 


9132.14 


4139.25 


5553.49 


6967.73 


1.461 


2019.90 


2373.82 


2727.74 


3435.59 


4143.43 


6569.11 


6074.80 


1.465 


2021.90 


2376.18 


2730.47 


3139.04 


4147.61 


5561.74 


6081.88 


1.466 


2023.90 


2378.64 


2733.19 


3442.49 


4151.78 


6570.37 


6088.96 


1.467 


2025.90 


2380.90 


2735.91 


3445.91 


4155.96 


6576.00 


6996.04 


1.468 


2027.90 


2383.26 


2738.64 


3449.39 


4160.14 


5581.63 


7003.12 


1.469 


2029.90 


2386.63 


2741.37 


3452.81 


4164.28 


5587.26 


7010.21 


1.470 


2031.90 


2388.00 


2744.10 


3456.30 


4168.50 


5592.90 


7017.30 


1.471 


2033.90 


2390.36 


2746.83 


3469.75 


4172.68 


6598.54 


7024.39 


1.472 


2a».90 


2392.73 


2749.56 


3463.21 


4176.86 


5601.18 


7081.48 


1.473 


9037.90 


2395.10 


2752.29 


3166.67 


4181.05 


5609.82 


7088JS7 


1.474 


2039.91 


2397.47 


2755.02 


3170.13 


4185.24 


6615.46 


7045.67 


1.475 


2041.92 


2309.84 


2757.76 


3173.59 


4189.43 


5621.10 


7062.77 


1.476 


2043.92 


2402.21 


2760.49 


3177.05 


4193.62 


6626.75 


7060.87 


i.4n 


2016.92 


2404 J» 


2763.22 


3480.61 


4197.81 


6632.41 


7066.97 


1.478 


2047.93 


2406.96 


2765.96 


3483.97 


4201.90 


6638.06 


7074.06 


1.479 


9049.94 


9108.32 


2768.09 


3487.44 


4206.09 


6643.72 


7081.19 


1.489 


2051.96 


2411.60 


2771.43 


3490.91 


4210.39 


6649416 


7068.30 


1.481 


9063.96 


9414.06 


2774.10 


3491.38 


4214.58 


6666.04 


7006.42 


1.482 


9066.97 


9416.43 


9n6.n 


3197.86 


4218.78 


6660.70 


7102JM 



844 



n»pch 


















en 
W«ir. 






LBHOTH or THB WSIB. 








Fttt. 


<PMi 


rFwt. 


SPmI 


1«F«C. 


ISFMt 


MFmC 


»F«C. 




1.483 


2057.98 


2418.80 


2779.44 


8501.33 


4222.981 WUM 


7100.06 


1.481 


20S0.99 


2421.18 


2782.12 


8004.79 


4227.11 


6672.0S 


7118.78 


1.485 


2062.00 


2423.56 


2785.13 


8608.26 


4281.3fl 


6677.64 


7i23JQ 




1.486 


2064.01 


2496.93 


2787.87 


8511.73 


42350W 


6683.3(1 


7t31.«2| J 


1.467 


2066.02 


2428.31 


2790.61 


8515.20 


4230.78 


6688.90 


7138.15 


1.488 


2068.03 


2430.69 


2793.36 


8518.67 


4243.98 


6694^ 7145.28 




1.489 


2070.04 


2433.07 


2796.09 


8512.10 


4248.201 6700.30 


7152.41 




1.490 


2072.06 


2435.45 


2796.84 


8525.63 


4252.41 


6706.97 


71590M 




t.491 


2074.07 


2437.83 


28010W 


852910 


4256.62 


6711.64 


7166.68 




1.492 


2076.08 


2440.21 


2804.^ 


8532JW 


4260.83 


5717.31 


7173.82 




1.493 


9078.09 


2442.50 


2807.06 


3536.06 


4265.01 


5722.991 7180.96 




1.491 


2080.11 


2444.97 


2609.83 


8539.54 


4269.26 


5728.67 


7188.10 




1.496 


2082.13 


2447.35 


2812 J{8 


3543.02 


4273.47 


6734.361 7195.24 




1.496 


2084.14 


2449.73 


2815.33 


3546 JM> 


42n.68 


57400)3 


7202.39 




1.497 


2086.16 


2402.11 


2818.08 


8549.98 


4281.90 


5745.71 


7200.54 




1.498 


2088.18 


2454.50 


2820.83 


8553.46 


4286.12 


6701.40 


7216.60 




1.499 


2090.20 


2456.88 


2823J» 


8556.95 


4290.34 


67570W 


7223.84 




IJSOO 


2092.22 


2469.28 


2826.33 


8560.44 


4294.56 


5762.78 


7231.00 




IJSOl 


2094.24 


2461.66 


2829.08 


8563.93 


4298.78 


6768.47 


7238.16 




1.002 


2096.26 


2464.04 


2831.83 


3367.42 


4303.00 


6n4.16 


7245JI2 




1.603 


2098.28 


2466.43 


28340» 


8570.91 


4307.22 


5779.85 


7202.48 




1.504 


2100.30 


2468.82 


2837.35 


8574.40 


4311.45 


57850S5 


7259.65 




1.505 


2102.32 


2471.21 


2840.11 


85n.89 


4315.68 


5791.25 


7266.82 




1.506 


2104.34 


2473.60 


2842.86 


8581.38 


4319.91 


5796.95 


7273.90 




1.507 


2106.36 


2475.99 


2845.62 


8584.87 


4324.14 


6802.65 


7281.16 




1.506 


2108.38 


2478.38 


2848.38 


8588.36 


4328.37 


5806.35 


72880(3 




1.509 


2110.41 


2480.77 


2851.14 


8591.86 


4332.60 


6814.05 


7295.51 




IJilO 


2112.43 


2483.17 


2853.90 


8595.36 


4336.83 


6819.76 


7302.00 


1 


1.611 


2114.45 


2485.56 


2856.66 


3506.86 


4341.06 


5825.47 


7309.87 




1JS12 


2116.47 


2487.95 


2850.42 


8602.36 


4»45.30 


5831.18 


7317.06 


1 


1.513 


2118.50 


2490.34 


2862.18 


8605.86 


4349.54 


6836.89 


7324.24 


■ 


1.514 


2020.53 


2492.74 


2864.94 


8609.36 


4353.78 


68420» 


7331.43 


1 


1.515 


2122.56 


2496.14 


2867.71 


8612.86 


4358.02 


5848.32 


7338.62 


' 


IJilB 


2124.58 


2497 J}3 


2870.47 


8616.36 


4362.20 


5654.04 


7346.81 


1 


1.517 


2126.61 


2499.93 


2873.24 


86190)6 


4366.44 


5869.76 


7363.01 




1.516 


2128.64 


2502.33 


2876.01 


8623.37 


4370.68 


6865.48 


7360.21 




1J(19 


2130.67 


2SM.73 


2878.78 


8626.88 


4374.92 


6871.20 


7867.41 




IJX20 


2132.70 


2507.13 


2881J» 


8630.39 


4379.23 


6876.92 


7374.61 




1.521 


2134.73 


2509.53 


2884.32 


8633.90 


4383.48 


6882.64 


7381.81 


1 


1.522 


2136.76 


2511.93 


2887.09 


8637.41 


4387.73 


6888.37 


7389.02 




lJi23 


2138.79 


2514.33 


2889.86 


8640.92 


4391.98 


6894.10 


7396.23 


1 


1.524 


2140.83 


2516.73 


2892.63 


8644.43 


4386.23 


5899.83 


7403.44 




1.525 


2142.86 


2519.13 


2895.40 


8647.94 


4400.48 


6906J6 


7410.65 




1.526 


2144.80 


2521.53 


2898.17 


3651.45 


4404.73 


6911.29 


7417.86 




1.527 


2146.92 


2523.93 


2900.94 


3654.96 


4406.98 


6917.03 


7425.08 




10)28 


2149.95 


2526.33 


2903.72 


8658.48 


4413.24 


6922.77 


7432.30 




1.529 


2151.99 


2526.74 


2906.50 


8662.00 


44170W 


69280(1 


7438.62 




IJMO 


2153.03 


2531.15 


2909.28 


8665.52 


4421.76 


5934.25 


7446.74 




1.53t 


2155.06 


2533.55 


2912.05 


8669.04 


4426.02 


5939.99 


7403.97 




1.532 


2157.10 


2535.96 


2914.83 


8672.56 


4430.28 


6945.74 


7461.20 




1.533 


2159.14 


2538.37 


2917.61 


8676.08 


4434.54 


5951.49 


7468.43 




1.534 


2161.28 


2540.78 


2920.39 


3679.60 


4438.81 


6957.24 


7476.66 




1.535 


2163.21 


2543.19 


2923.17 


8683.12 


4443.06 


6962.99 


7482.90 




ia»6 


2165.25 


2546.60 


2925.95 


8686.64 


4447.84 


6968.74 


7490.14 


* 


1.537 


2167.29 


2548.01 


2928.73 


8690.16 


4451.61 


0974.49 


748rOM 




ijm 


2169.33 


2560.42 


2931J» 


8693.69 


4455.88 


6960025 


7501012 




IJS3» 


2171.37 


2562.83 


2934.29 


8697022 


4460.15 


0986.00 


7011.88 




IJMO 


2173.41 


2555.24 


2837.06 


8700.76 


4464.42 


6091.77 


7018^ 
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on 
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LKHOTH OF THE WEIR. 




,/ 


FmI 


SFMt 


rFeet 


8FMt 


lOFwt. 


ISFMt 


lAFMt 


»Feetl 


IJMt 


2170.40 


2657.60 


2939.80 


3704.28 


4468.60 


5007.53 


7026.36 


1M2 


2m.49 


2560.06 


2942.64 


3707.81 


4472.06 


^6003.29 


7533.61 


1JM3 


2179JS3 


2562.48 


2945.43 


3711.34 


44n.l8 


6009.05 


7540.86 


1JM4 


2181.07 


2064.90 


2948.22 


3714.87 


4481.38 


6014.82 


7548.11 


1JM5 


2183.62 


2067.32 


2901.01 


3718.41 


4486.80 


6020.69 


756037 


1.546 


2180.66 


2569.73 


2953.80 


3721.91 


4490.08 


6026.66 


7C62.63 


1JA1 


2187.70 


2072.14 


2906.59 


3726.47 


4494.36 


6032.33 


7060.89 


IJUS 


2189.70 


2074.06 


2959.38 


3729.01 


4498.64 


6038.10 


7677.10 


ijm 


2191.80 


2076.98 


2962.17 


3732.55 


4602.92 


6048.87 


7084.42 


1.060 


2193.80 


2079.40 


2964.96 


3736.09 


4007.21 


6049.45 


7001.69 


1JS01 


2195.89 


2081.82 


2967.75 


3739.63 


4011.49 


6056.23 


7006.96 


1.BS2 


2197.9;) 


2084.24 


2970.54 


3743.17 


4010.78 


6061.01 


7606.23 


IJOS 


2199.98 


2586.66 


2973.33 


3746.71 


4.120.07 


6066.79 


7613.01 


1.004 


2202.03 


2089.08 


2976.13 


3750.25 


4024.36 


6072.67 


7620.79 


1.000 


2204.08 


2091.01 


2978.93 


3763.79 


4028.60 


6078.36 


7628.07 


1.006 


2206.13 


2003.93 


2981.72 


i 3757.33 


4032.94 


6084.16 


7635J15 


IJiN 


2208.18 


2096.30 


2984.62 


3760.87 


4037.23 


6089.94 


7642.63 


1.008 


2210.23 


2008.77 


2987.32 


8764.41 


4041.02 


6096.73 


7640.92 


1J»0 


2212.28 


2601.20 


2990.01 


3767.95 


4040.82 


6101.52 


7607.21 


1.060 


2214.:i3 


2603.63 


2092.92 


3771.62 


4060.12 


6107.31 


7664410 


1.0P1 


2216.38 


2606.06 


2995.72 


3776.67 


4654.42 


6113.10 


7671.7» 


I.IA52 


2218.43 


2668.47 


2908.52 


3778.62 


4668.72 


6118.90 


7670.09 


1.063 


2220.48 


2670.90 


3001.32 


3782.17 


4063.02 


6124.70 


7686.30 


IJ^ 


2222.M 


2673.33 


3004.12 


3786.72 


4067.02 


6130.60 


7693.69 


1.060 


2224.09 


2610.76 


3006.93 


3780.28 


4071.62 


6136.30 


7700.99 


1.066 


2226.64 


2618.19 


3009.73 


3792.83 


4070.92 


6142.10 


7708.29 


1.067 


2228.69 


2620.62 


3012.63 


3796.38 


4080.22 


6147.91 


7710J0 


1.068 


2230.70 


2623.00 


3016.34 


3790.94 


4084.03 


6163.72 


7722.^ 


1U$69 


2232.81 


2620.48 


3018.15 


3803.50 


4088.84 


6169.53 


7729.92 


1.070 


2234.87 


2627.92 


3020.96 


3807.06 


4003.15 


6166.34 


7737 JS3 


1.071 


2236.91 


2630.30 


3023.77 


3810.62 


4097.46 


6171.15 


7744.85 


1.072 


2238.95 


2632.78 


3026.58 


3814.18 


4601.77 


6176.96 


7702.17 


1.073 


2240.99 


2630.21 


3029.39 


3817.74 


4606.06 


6182.78 


7760.49 


1.074 


2243.01 


2637.64 


3032.20 


3821.80 


4610.40 


6188.60 


7766.91 


1.070 


2245.16 


2640.08 


8035.01 


3824.86 


4614.72 


6194.42 


7774.13 


1.076 


2247.22 


2642Jil 


8037.82 


3828.42 


4619.03 


6200.24 


7781>I6 


1.077 


2249.28 


2644.90 


3010.63 


3831.96 


4623.36 


6206.06 


7788.79 


1.078 


2251.34 


2647.39 


3043.44 


3835 JS6 


4627.67 


6211.89 


7796.12 


1.079 


2203.40 


2649.83 


3016.26 


3838.12 


4631.99 


6217.72 


7803.45 


1.080 


2205.46 


2602.27 


3049.06 


3812.69 


4636.31 


6223 J» 


7810.78 


1.081 


2257 JS2 


2604.71 


3051.89 


3846.25 


4640.63 


6229.38 


7818.12 


1.082 


2259 J» 


2607.10 


3054.70 


3849.81 


4644.00 


6236.21 


7825.46 


1.083 


2261.64 


2609.09 


3067.52 


8853.37 


4640.28 


6241.04 


7832.80 


1.084 


2263.71 


2662.03 


3060.34 


3866.93 


4653.60 


6246.87 


7840.14 


ijm 


2265.78 


2664.47 


3063.16 


3860.56 


4657.94 


6262.71 


7847.49 


1.086 


2267.84 


2666.91 


3065.98 


3864.12 


4662.27 


6268.66 


7854.84 


1.087 


2260.90 


2660.35 


3068.80 


3867.69 


4666.60 


6264.39 


7862.19 


1JW8 


2271.97 


2671.79 


8071.62 


8871.27 


4670.93 


6270.23 


7860JM 


1J»9 


2274.04 


2674.24 


3074.44 


3874.86 


4G76Ji6 


6276.07 


7876J8 


1.090 


2276.11 


2676.69 


3077.27 


3878.43 


4679.60 


6281.92 


7884.25 


IMl 


2278.17 


2079.13 


3080.09 


3882.01 


4683.93 


6287.77 


7802.61 


una 


2280.24 


2681.07 


3062.91 


3886.59 


4688.26 


6203.66 


7800.97 


1403 


2282.31 


2684.02 


3086.73 


3889.17 


4692.60 


6290 J(6 


7807.33 


1J»4 


2284.38 


2686.47 


3068.36 


3892.75 


4606.94 


6305.40 


7814.70 


1J»0 


2286.45 


2688.92 


3001.30 




4701.28 


6311.18 


7921.CJ7 


1JW6 


2288J(1 


2601.37 


3004.22 


3809.92 


4706.62 


6317.03 


7928.44 


urn 


2200J» 


2003.82 


3007.06 


8003.50 


4700.06 


6322.80 


7936.M 


UB» 


2202.65 


2606.27 


3000.88 


3007.00 


4714.30 


6328.75 


7044.13 
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Dt9lh 
















wSr. 






LBXOTB OV TBB W] 


m. 






F«C. 


CVmC 


fFMl 


8r«c. 


lorMt 


ISPMt 


MFmC 


9>ftMt 


ijm 


2291.72 


2008.72 


31Q2.n 


8910.68 


4718.66 


6384.61 


rtsiM 


1.600 


2296J0 


2701.17 


8106UM 


8814.27 


4723.00 


6840.47 


7967.94 


1.601 


2298.87 


27034a 


3108Jr7 


8917J6 


4727 J6 


6846.33 


T966J2 


1.602 


2300.94 


2706.07 


8111.20 


8981.45 


4781.70 


6802.201 7978.T0I 


1.603 


2303.02 


2708UB 


8114.03 


8926.04 


4786.05 


6358.0T 


7961.06 


1.604 


2305.19 


2710.97 


8116.86 


8828.63 


4740.40 


8363.94 


7988.48 


1.600 


2307.17 


2713.43 


3119.70 


3882.28 


4744.76 


6360.81 


7994.86 


1.606 


2809.24 


2715.88 


3122J» 


8835.82 


4749.10 


6375.68 


8002.26 


1.60T 


2311.31 


2518.34 


3120 JI6 


8999.41 


4763.46 


6381 J)6 


8009.64 


1.606 


2818U» 


2520.80 


3128.20 


8943.01 


4767.82 


6388.48 


8017.04 


1.606 


2815.47 


2028.26 


3131.04 


8946.61 


4762.18 


6894 Jn 


8084.44 


1.610 


2317JI5 


2725.72 


3133.88 


8960.21 


4766JS4 


6890.19 


8031.84 


1.611 


2319.68 


2728.17 


3136.72 


8963J1 


4770.90 


6406.07 


8038.84 


1.612 


2821.71 


2730.63 


8139JI6 


8067.41 


4776ii6 


6410.96 


8046.66 


1.613 


2323.89 


2733.09 


3142.44 


8961.01 


4779.62 


HIBM 


8064.66 


1.614 


2325.97 


2735.65 


8145.28 


8964.61 


4783.98 


6422.72 


8061.47 


1.616 


2327.95 


2738.01 


3148.06 


8968.21 


4788.34 


64S8.61 


8068.88 


1.616 


mVm§9 twr 

2330.03 


2740.47 


3150.92 


8971.81 


^9 ^^V*^'^ 

4792.71 


6484JM^ 


8076.29 


1.617 


2332.11 


2742.93 


3163.76 


8976.41 


4797.06 


6440.39 


8063.71 


1.618 


2334.19 


2746.40 


3166.60 


3079.02 


4801.46 


6440.28 


8001.13 


1.619 


2336.28 


2747.87 


3169.46 


8982.63 


4806.82 


6462.18 


80g8J» 


1.620 


^38.36 


2750.33 


3162.80 


3986.24 


4810.19 


6468.08 


8106.97 


1.621 


2340.44 


2752.79 


3165.14 


8969.85 


4814JS6 


6468J6 


8113.89 


1.622 


2342.52 


2765.25 


3167.99 


3993.46 


4818.93 


6469.88 


8120.82 


1.623 


2344.60 


2757.72 


8170.84 


3997.06 


4823.30 


6475.78 


8128.26 


1.624 


2346.69 


2760.19 


8173.69 


4000.67 


4827.68 


6481.66 


8136.68 


1.625 


2348.78 


2762.66 


3176.64 


4004.30 


4832.06 


6487.68 


8148.11 


1.626 


2350.86 


2765.12 


3179.39 


4007.91 


4836.44 


6493.49 


8150JS6 


1.627 


2352.94 


2767 JS9 


3182.24 


4011.62 


4840.82 


6499.40 


8157.99 


1.628 


2305.03 


2n0.06 


3185.09 


4015.14 


4846.10 


6606.3] 


8165.48 


1.629 


2357.12 


2772 J}3 


3187.94 


4018.76 


4849.48 


6511.22 


8172.8T 


1.630 


2359.21 


2775.00 


3190.79 


4022.38 


4863.97 


6517.13 


8180.81 


1.631 


2361.29 


2777.47 


3193.64 


4026.00 


4868.36 


6323.05 


8181.76 


1.682 


2363.38 


2770.94 


3196.49 


4029.62 


4862.73 


6328.07 


8195.21 


1.633 


2365.47 


2782.41 


3199.36 


4033.24 


4867.12 


6234.89 


8202.66 


1.634 


2367.66 


2784.88 


8202.21 


4036.86 


4871.51 


6240.81 


8210.11 


1.635 


2369.65 


2787.36 


3205.07 


4040.48 


4876.90 


6646.73 


8217 J{6 


1.636 


2371.74 


2789.83 


3207.92 


4044.10 


4880.29 


6652.65 


8226.02 


1.637 


2373.83 


2792.30 


3210.78 


4047.72 


4oo4*oo 


6558.67 


8232.48 


1.638 


2376.92 


2794.78 


3213.64 


4061.36 


4889.07 


6564US0 


8239.94 


1.639 


2378.01 


2797.26 


3216.60 


4064.98 


4893.46 


6670.33 


8247.40 


1.640 


2380.11 


2799.74 


3219.36 


4068.61 


4897.86 


6576.36 


8254.86 


1.641 


2382.20 


2802.21 


3222.22 


4062.24 


4902.26 


6682.29 


8262.33 


1.642 


2384.29 


2804.69 


3226.08 


4066.87 


4906.66 


6688.22 


8269.80 


1.643 


2386.38 


2807.17 


3227.94 


4069.60 


4911.06 


6691.16 


8277.27 


1.644 


2388.48 


2809.65 


3230.80 


4073.13 


4916.46 


6600.10 


8284.74 


1.645 


2380.68 


2812.13 


3233.67 


4076.76 


4919.86 


6606.04 


8292.22 


1.646 


2392.67 


2814.61 


3236.63 


4080.39 


4924.26 


6611.96 


8299.70 


1.647 


2394.77 


2817.09 


3239.40 


4084.02 


4928.66 


6617.93 


8307.18 


1.648 


2396.87 


2819.67 


3242.27 


4087.66 


4933.06 


6623.87 


8314.66 


1.649 


2398.97 


2822.06 


3246.14 


4091.30 


4937.47 


6629.81 


8322.14 


1.660 


2401.07 


2824.64 


3248.01 


4094.94 


4941.88 


6636.76 


8329.63 


1.661 


2403.16 


2827.02 


3260.87 


4098.68 


4946.29 


6641.70 


8337.12 


1.662 


2406.26 


2829.60 


3263.74 


4102.22 


4960.70 


6647.66 


8344.61 


1.653 


2407.36 


2831.96 


3266.61 


4105.86 


4956.11 


6653.60 


8362.10 


1.654 


2409.46 


2834.47 


3259.64 


4109.68 


4969.62 


6669JJ6 


8359.60 


1.665 


2411.66 


2836.96 


3262.36 


4113.16 


4963.94 


6666.51 


8367.10 


1.666 


2413.66 


2839.44 


3266.22 


4116.79 


4968.36 


6671.47 


8374.60 
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Dtpth 














1 


on 






LENGTH OF THB WKIR. 






Wdr. 
















FMt 


<FMt 


7 Feet. 


8Ft«t 


lOFaet 


MFett 


14 Feet 


SOF««t. 


1.657 


2413.76 


2841.93 


3268.09 


4120.43 


4972.76 


66n.43 


8382.10 


1.668 


2417.86 


2844.42 


3270.96 


4124.07 


4977.18 


6683.39 


8389.60 


1.6S9 


2419.96 


2846.91 


3273.84 


4127.71 


4981.60 


6689.35 


8397.11 


1.600 


2422.07 


2849.40 


3276.72 


4131.37 


4986.02 


6696.32 


8404.62 


1.661 


2424.17 


2861.89 


3279.69 


4136.02 


4990.44 


6701.28 


8412.13 


1.662 


2426.27 


2854.34 


3282.47 


4138.67 


4994.86 


6707.26 


8419.64 


1.663 


2428.37 


2856.79 


3286.35 


4142.32 


4999.28 


6713.22 


8427.16 


1.664 


2430.48 


2858.24 


3288.23 


4146.97 


6004.70 


6719.19 


8434.67 


1.665 


2432.59 


2861.85 


3291.11 


4149.62 


6006.13 


6726.16 


8442.19 


1.666 


2434.69 


2864.34 


3293.99 


4153.07 


6012.66 


6731.03 


8449.71 


1.667 


2436.80 


2866.83 


3296.87 


4156JI2 


6016.99 


6736.90 


8457.23 


1.668 


2438.91 


2869.32 


3299.75 


4150.98 


6021.42 


6742.78 


8464.75 


1.669 


2440.02 


2871.82 


8302.63 


4163.44 


6025.86 


6748.66 


8472.28 


1.670 


2443.13 


2874.32 


3305 J(l 


4167.90 


5030.28 


6765.04 


8479.81 


1.671 


2415.24 


2876.81 


3308.39 


4171JJ6 


8034.71 


6761.02 


8487.34 


1.672 


2447.35 


2879.31 


8311.27 


4175.22 


6039.14 


6767.00 


8494.87 


1.673 


2449.46 


2881.81 


3314.16 


4178.88 


5043.57 


6772.99 


8602.41 


1.674 


2451.57 


2884.31 


3317.06 


4182.64 


5048.01 


6778.98 


8609.96 


1.675 


2453.68 


2886.81 


3:il9.94 


4186.20 


5062.45 


6784.97 


8517.49 


1.676 


2465.79 


2889.30 


3322.82 


4189.86 


6066.89 


6790.96 


8526.08 


lurn 


2457.90 


2891.80 


3326.71 


4193U)2 


5061A3 


6796.95 


8^%.ff7 


1.678 


2460.01 


2894.30 


3328.60 


4197.18 


5065.77 


6802.94 


8640.12 


1.679 


2462.12 


2896.80 


3331.49 


4200.86 


5070.21 


6808.94 


8647.67 


1.680 


2464.24 


2899.31 


3334.38 


4204.52 


5074.66 


6814.94 


8555.22 


1.681 


2466.35 


2901.81 


3337.27 


4208.19 


6079.10 


6820.94 


8662.77 


1.682 


2468.46 


2904.31 


3340.16 


4211.86 


6083.34 


6826.94 


8670.38 


1.683 


2470JS8 


2906.81 


3343.05 


4215JS3 


5087.99 


6832.94 


8577.89 


1.684 


2172.70 


2909.31 


3345.94 


4219.20 


6092.44 


6838.94 


8585.45 


l,e(Vi 


2474.81 


2911.82 


3348.84 


4222.87 


5096.89 


6844.96 


8598.01 


1.686 


2476.92 


2914.32 


8351.73 


4226.64 


5101.34 


6860.96 


Beoojn 


1.687 


3479.03 


2916.83 


8354.62 


4230.21 


6105.79 


6866.97 


8608.13 


1.688 


2481.15 


2919.34 


8357 JS2 


4233.88 


5110.24 


6862.98 


8615.70 


1.689 


2483.27 


2921.86 


8360.42 


4237.66 


6114.70 


6868.99 


8628.27 


1.690 


2485.39 


2924.36 


3363.32 


4241.24 


5119.16 


6875.00 


8680.84 


1.691 


2487 J» 


2926.86 


3366.21 


4244.91 


5123.61 


6881.01 


8638.41 


1.692 


2489.63 


2929.37 


3369.11 


4248.59 


5128.07 


6887.03 


8645.99 


1.693 


2491.75 


2931.88 


3372.01 


4262.27 


6132 JS3 


6898.05 


8658.67 


1.694 


2493.87 


2934.39 


3374.91 


4256.95 


5136.99 


6899.07 


8661.15 


1.695 


2495.99 


2936.90 


8377.81 


4259.63 


5141.46 


6006.09 


8668.73 


1.696 


2498.11 


2939.41 


8380.71 


4263.31 


5146.91 


6911.11 


86764n 


1.697 


2500.23 


2911.92 


8388.61 


4266.99 


6150.87 


6917.13 


8683.90 


1.698 


2502.35 


2944.43 


8386UU 


4270.67 


5154.88 


6923.16 


8691.49 


1.699 


2504.47 


2946.94 


8389.42 


4274.36 


5159.31 


6929.18 


8699.06 


1.700 


2506.60 


2949.46 


8392.83 


4278.05 


5163.78 


6985.22 


8706.67 


1.701 


2506.72 


2951.97 


8396.23 


4281.74 


6168.25 


6941.26 


8714.27 


1.702 


2510.81 


2954.48 


8398.13 


4286.43 


5172.72 


6947.28 


8721.87 


1.703 


2512.97 


2967.00 


8401.04 


4289.12 


5177.19 


6963.82 


8729.47 


1.704 


2515.10 


2950.52 


8403.95 


4292.81 


5181.66 


6959.36 


8737.07 


1.705 


2517.22 


2962.01 


3406.86 


4296.50 


5186.13 


6965.40 


8744.67 


1.706 


2519.34 


2964.65 


3409.77 


4201.19 


5190.60 


6971.44 


8752.28 


1.707 


2621.47 


2967.07 


3412.68 


4204.88 


5195.07 


69n.48 


8759.89 


1.708 


2523.60 


2969.5S 


8416JS9 


4208.67 


5199.65 


6988.62 


8767 JSO 


1.709 


2526.73 


2072.11 


8418.60 


4212.26 


6204.03 


6969.57 


8n5.11 


1.710 


2527.86 


2974.63 


1 8421.41 


4314.96 


5208.51 


6995.61 


8782.72 


1.711 


2529.96 


2977.1E 


> 8424.32 


4318.65 


5212.99 


7001.66 


8790U» 


1.712 


2582.10 


2979.67 


' 8427.23 


4322 J» 


5217.47 


7007.71 


8797.94 


1.713 


2584.23 


2982.K 


\ 8430.14 


4326.06 


6221.96 


7018.76 


8806.56 


1.714 


8686.86 


2984.71 


[ 8483.06 


4329.76 


5226.45 


7019.81 


8813.18 
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DapUi 
















on 
W«lr. 






LB3COTB or THK WEIS. 






Ftat 


erect 


TFtIL 


«rMt 


lOFMt 


UFmI 


I6Fm1 


»Fwt 


1.71B 


2538.54 


2967.24 


8435.8C 


( 4333.461 6230.M 


7Q25J1 


88Ml82 


1.716 


2540.63 


2989.76 


3138.88 


4387.U 


» 0230.42 


7031.931 8828.461 


1.717 


2542.76 


2992.28 


3441.88 


4340.861 A9aa.M 


7087.011 


8SXM 


1.718 


2644.88 


2994.80 


8144.72 


4344 JW 


6243.88 


7044.00 


8B43.n 


1.719 


2647.03 


2991 .3S 


8447.64 


4348.26 


6247.87 


7060J1 


8861.84 


1.720 


2549.16 


2999.86 


3450JM 


4361J6 


6253.36 


7066.17 


8868.97 


1.721 


2651.29 


9002.38 


8453.48 


4355.66 


0267.86 


7062.23 


88661^ 


1.722 


2553.42 


3004.91 


8466.40 


4360.37 


5282.84 


7066.80 


8874.25 


1.723 


2555.55 


3007.44 


8460.32 


4363.06 


6266.84 


7073.87 


8881.80 


1.724 


2557.69 


3009.97 


3462.24 


4366.79 


6271.34 


7079.43 


8B80JS 


1.725 


2559.83 


3012.60 


8465.17 


4370.60 


6276.84 


7066US1 


8807.17 


1.726 


2661.96 


3015.03 


8168.00 


4374.21 


6280.84 


7002 JW 


8804.82 


1.727 


2663.10 


3017.66 


3471.01 


4377.92 


0284.84 


7006.65 


8912.47 


1.728 


2665.24 


3020.09 


8473.93 


4381.63 


6280.84 


7104.72 


8820.12 


1.729 


2667.38 


3022.62 


8476.86 


4385.34 


0293.84 


7101.80 


8027.77 


1.790 


2570.52 


3025.15 


8479.79 


4389.06 


6298.84 


7116.88 


8836.43 


1.731 


2572.65 


3027.68 


8482.71 


4392.77 


5802.84 


7122.06 


8043.00 


1.732 


2574.79 


8030.21 


8485.64 


4396.49 


6807.34 


7120.04 


8860.75 


1.733 


2576.93 


8032.74 


8488.57 


4400.21 


6811.85 


7136.12 


8866.41 


1.734 


2679.07 


3035.28 


3491.50 


4403.93 


6316.36 


7141.21 


8066.07 


1.735 


2681.21 


3037.82 


8404.43 


4407.65 


6320.87 


7147.80 


8078.74 


1.736 


2683.35 


3040.35 


8497.36 


4411.36 


6325.81 


7153.30 


8881.41 


1.737 


2686.49 


3042.88 


3500.29 


4415.07 


Kt29.84 


7150.48 


8880.08 


1.738 


2687.63 


3045.42 


3503.22 


4418.78 


6334.37 


7165.67 


8886.75 


1.739 


2689.78 


3047.96 


3506.15 


4422.49 


5338.80 


7171.66 


9004.42 


1.740 


2691.92 


3050.50 


3609.09 


4426.20 


5343.43 


7177.76 


9012^0 


1.741 


2694.06 


3063.04 


3512.02 


4429.93 


6347.94 


7183.86 


9019.78 


1.742 


2696.20 


3055.58 


3514.95 


4433.67 


6362.45 


7180.06 


9027.46 


1.743 


2598.31 


3058.12 


3617.88 


4437.41 


6366.97 


7106.06 


9086.14 


1.744 


2600.49 


3060.66 


3520.82 


4441.15 


6361.49 


7202.16 


9042.82 


1.745 


2602.64 


3063.20 


3523.76 


4444.89 


6366.01 


7208.26 


9000JS1 


1.746 


2604.78 


3065.74 


3626.70 


4448.62 


5370.53 


7214.36 


9068.20 


1,747 


2606.92 


3068.28 


3629.64 


4462.35 


0376.05 


7220.47 


9065.89 


1.748 


2609.07 


3070.82 


3^'t2.98 


4456.08 


6379.67 


7226JW 


9073.68 


1.749 


2611.22 


3073.36 


3535.52 


4459.81 


6384.10 


7232.60 


9081.28 


1.760 


2613.37 


3075.91 


3538.46 


4463.56 


5388.63 


7238.80 


9088.98 


1.751 


2615.51 


3078.45 


3541.40 


4467.28 


6393.76 


7244.01 


9006.68 


1.752 


2617.66 


3080.99 


3S44.34 
3M7.28 


4471.01 


5397.69 


7251.02 


9134.88 


1.753 


2619.81 


3083.54 


4474.74 


6402.22 


7267.14 


9112.08 


1.754 


2621.99 


3086.09 


» 50.22 


4478.47 


6406.75 


7263.26 


9119.79 


1.755 


2624.11 


3088.64 


3553.17 


4482.22 


5411.28 


7269Ui8 


9127 JSO 


1.766 


2626.26 


3091.18 


3556.11 


4485.96 


5416.81 


7275.61 


9186.21 


1.767 


2628.41 


3093.73 


3559.05 


4489.70 


5420.34 


7281.64 


9142.92 


1.768 


2630.56 


3096.28 


3562.00 


4493.44 


5424.87 


7287.77 


9150.63 


1.759 


2632.71 


3098.83 


3564.95 


4497.18 


5429.41 


7293.90 


9168.38 


1.760 


2634.87 


3101.38 


3567.90 


4500.92 


5433.95 


7800.01 


9166.06 


1.761 


2637.01 


3103.93 


8570.84 


4504.66 


5438.39 


7306.14 


9173.78 


1.762 


2639.16 


3106.48 


3573.79 


4508.40 


6442.93 


7312.27 


9181 JM) 


1.763 


2641.31 


3109.03 


3576.74 


4512.15 


6447.47 


7318.40 


9189.22 


1.764 


2643.47 


3111.58 


3579.69 


4515.90 


0452.01 


7824.63 


9196U» 


1.765 


2645.64 


3114.14 


3582.64 


4519.65 


6456.66 


7330.67 


9204.68 


1.766 


2647.79 


3116.69 


3585.59 


4523.40 


6461.20 


7356.81 


9212.41 


1.767 


2649.94 


3119.24 


3588.54 


4527.16 


6465.76 


7342.96 


9220.14 


1.768 


2652.10 


3121.79 


3581.49 


4530.90 


5470.31 


7349.06 


9227.87 


1.769 


2654.26 


3124»% 


3594.44 


4534.65 


5474.86 


7355.19 


9236.61 


1.770 


2656.42 


3126.91 


3597.41 


4538.40 


5479.39 


7361.37 


9243.36 


1.771 


2658.67 


3129.46 


3600.36 


4542.15 


5184.94 


7867 J$l 


9261.09 


1.772 


2660.73 


3132.02 


3603.31 


4646.90 


5480.40 


ra73.66 


025M» 
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LBXOTH OF THE WBIB. 




* 


Weir. 














f 


Pcet. 


6 Feet. 


7 Feet. 


8 Feet 


10 Feet 


12 Feet 


16 Feet 


90 Feet 


1.773 


2662.89 


3134.58 


3606.27 


4549.65 


6494.04 


7370.81 


0266JS7 


1.774 


2665.05 


3137.14 


3609.23 


4563.41 


5498.50 


7385.06 


0274.32 


1.775 


2667.21 


3139.70 


3612.19 


4567.17 


5502.15 


7302.11 


0282.07 


1.776 


2669.37 


3142.26 


3615.15 


4560.93 


5506.70 


7308.26 


0280.82 


1.777 


2671.43 


3144.82 


3618.11 


4661.69 


5511.26 


7404.42 


0207.67 


1.778 


2673.59 


3147.38 


3621.07 


4568.45 


5515.82 


7410.68 


03054» 


1.779 


2675.75 


3149.94 


3624.03 


4572.21 


5520.38 


7416.74 


0313.00 


1.780 


2678.01 


3152.50 


3626.99 


4575.97 


5521.04 


7422.00 


0320.85 


1.781 


2680.17 


3155.06 


3629.95 


4579.73 


5520 JW 


7420.06 


0328.61 


1.782 


2682.33 


3157.62 


36:12.91 


4583.49 


5534.06 


7436.22 


0336.37 


1.783 


2681.49 


3160.18 


3635.87 


4587.25 


6538.62 


7441.38 


0344.13 


1.781 


2686.66 


3162.75 


3638.83 


4501.01 


5513.10 


7447.54 


0351.00 


1.785 


2688.83 


3165.32 


3641.80 


4501.78 


6547.76 


7453.71 


0350.67 


1.786 


2690.99 


3167.88 


3614.76 


4B0SM 


5562.33 


7450.88 


0367.44 


1.787 


2603.15 


3170.44 


3647.73 


4602.31 


5556.00 


7466.05 


0376.21 


1.788 


2695.31 


3173.01 


3650.70 


4606.06 


5561.47 


7472.22 


0382.00 


1.789 


2697.47 


3175.58 


3653.67 


4600.85 


5566.04 


7478.40 


0390.77 


i.790 


2699.64 


3178.15 


3656.64 


4613.62 


5570.61 


7484.58 


0308.56 


1.791 


2701.81 


3180.71 


3650.61 


4617.30 


5675.18 


7480.76 


0106.33 


1.792 


. 2703.98 


3183.28 


3662.58 


4621.16 


5570.75 


7406.04 


0414.11 


1.793 


2706.15 


3185.85 


3665.55 


4624.93 


6584.32 


7403.12 


0421.80 


1.794 


2708.32 


3188.42 


3668.52 


4628.71 


6688.00 


7400.30 


1M20.68 


1.795 


2710.49 


3190.90 


3671.49 


4632.49 


5503.48 


7515.48 


0437.47 


1.796 


2712.66 


3193.56 


3674.46 


4636.26 


5508.06 


7621.66 


0145.26 


1.797 


2714.83 


3196.13 


36n.43 


4640.03 


5602.64 


7627.85 


0453.06 


1.798 


2717.00 


3198.70 


3680.40 


4613.81 


5607.22 


7534.04 


0460.85 


1.799 


2719.17 


8201.27 


3683.38 


4617.59 


5611.80 


7540.23 


0168.60 


L800 


2721.34 


3203.85 


3686.36 


4651.37 


5616.30 


7546.42 


0476.46 


1.801 


2723.51 


3206.42 


3689.33 


4665.15 


5620.07 


7552.61 


0184.26 


1.802 


2725.68 


3208.99 


3692.30 


4658.93 


5625.55 


7556.80 


0402.07 


1.803 


2727.85 


3211.57 


3695.28 


4662.61 


5630.14 


7565.00 


0100.80 


1.804 


2730.02 


3214.15 


3698.26 


4666.79 


5634.73 


7571.20 


0007.71 


1.806 


2732.20 


3216.73 


3701.24 


4670.28 


6630.32 


7577.40 


0515.48 


1.806 


2734.37 


3219.30 


3704.22 


4674.06 


6643.01 


7583.60 


0523.29 


1.807 


2736.54 


3221.87 


3707.20 


46n.85 


6648.50 


7589.86 


0631.10 


1.808 


2738.72 


3224.45 


3710.18 


4681.64 


5653.00 


7606.00 


0538.02 


1.809 


2740.90 


3228.03 


3713.16 


4685.43 


5667.60 


7602.21 


0516.74 


1.810 


2748.08 


3229.61 


3716.15 


4689.22 


5662.20 


7608.42 


0064 JS6 


1.811 


2746.25 


3232.19 


3718.13 


4693.01 


6666.88 


7614.63 


0562.38 


1.812 


2747.43 


8234.77 


3721.11 


4696.80 


6671.47 


7620.87 


8070.20 


1.813 


2749.61 


3237.35 


3724.09 


4700.50 


5676.07 


7627.07 


0078.03 


1.814 


2751.79 


3239.93 


3727.08 


4701.38 


6680.67 


7633.27 


0085.86 


1.815 


2753.97 


3242.52 


3731.07 


4708.17 


5685.27 


7630.48 


8598.60 


1.816 


2756.15 


8245.10 


3731.05 


4711.96 


5680.87 


7646.70 


0601.62 


1.817 


2758.33 


3217.68 


3737.04 


4715.75 


6601.47 


7661.02 


0600.40 


1.818 


2760.51 


3250.26 


3740.03 


4719.55 


5600.07 


7668.14 


0617.30 


1.819 


2762.69 


3253.81 


3743.02 


4723.35 


6703.68 


7664.36 


0625.23 


1.820 


2761.87 


8255.43 


3746.01 


4727.15 


6706.20 


7670.58 


0632.87 


1.821 


2767.05 


3258.01 


3749.00 


4730.95 


8712.00 


7676.81 


0610.71 


1.822 


2769.23 


3260.60 


3751.99 


4734.75 


5717.51 


7683.05 


0618.60 


1.823 


2771.41 


3263.19 


3754.98 


4738.55 


6722.12 


7680.20 


0606.40 


1.824 


2n3M 


3265.78 


3757.97 


4742.35 


5726.73 


7606.53 


0664.20 


1.825 


2775.78 


3268.37 


3760.96 


4716.15 


6731.84 


7701.72 


. 0672.10 


1.826 


2777.96 


3270.95 


3763.95 


4749.85 


5735.05 


7707.05 


9670.00 


1.8S7 


2n9.14 


3273J(1 


3766.91 


4753.65 


5740JS6 


7704.18 


0687.80 


1.838 


2781.32 


' 3276.13 


3769.93 


4757.45 


5746.18 


7720.42 


8600.66 


1.829 


2788.00 


8278.72 


STiSM 


4761.26 


S740J0 


7726.66 


0708^8 


1.88D 


2786.60 


8881.31 


8n5.93 


4765.17 


0754.42 


7732.80 


971l3 
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l»r. 






uuroTH or thb wkib. 






VnI. 


«FMt 


JFMi. 


SFMt 


lOFMt 


UFMt 


MFMt 


. »F<mL 


1.881 


2788.87 


8283.80 


3778.92 


4768.98 


0700UH 


1730.14 


9719.24 


1.833 


2791.06 


8286UI8 


3781.98 


4772.80 


0768.06 


7746.38 


9727 JO 


1.833 


2793.24 


3288.98 


3784.92 


4n6.62 


0768.28 


7701412 


9734 J7 


1.834 


2790.43 


3291Jn: 


3787.92 


4780.44 


6772.00 


7707.86 


97«J4 


1UI85 


2797.62 


3294J7 


3790.92 


4784.22 


0777.02 


7764.11 


9700.71 


1.888 


2799.81 


8296.86 


8793.92 


4788.03 


0782.14 


7770.36 


OTOSJe 


1.887 


2802.00 


3299.46 


8796.92 


4791.84 


0786.76 


msM 


970S.4S 


1.888 


2804.19 


8802.06 


3799.92 


4796410 


0791J0 


7782J6 


9n4.33 


1.888 


2806J8 


3304.66 


3702.92 


4790.47 


0796.08 


7TB9J1 


9782.21 


1.840 


12808.07 


8307.26 


8806.93 


4803.29 


0800.60 


7790.37 


9790JOI 


1.841 


2810.76 


3810.84 


8808.93 


4807.10 


0800.28 


7801.63 


9797 J7 


144S 


2812.95 


3313.44 


3811.93 


4810.92 


0809.91 


7807.89 


9806J6 


1.848 


2816.04 


8316.04 


8814.93 


4814.74 


K14M 


7814.16 


9818.75 


1.844 


2817.23 


3318.64 


3817.91 


4818JS6 


0819.17 


7820.41 


9621.84 


1.845 


2819012 


3320.24 


3820.96 


4822.38 


0823.81 


7826.67 


9629JI3 


1.846 


2821.71 


3322.84 


3823.96 


4826.20 


0828.44 


7882 J3 


9837.41 


1.847 


2823.90 


3326.44 


3826.96 


4830.02 


5833.07 


7839.19 


9840.30 


1.846 


2826.09 


3328.04 


3829.97 


4833.84 


0837.71 


7846.46 


9603J9 


1J49 


2827.29 


3330.64 


3832.98 


4837.66 


0842J» 


7861.73 


9861.09 


1.8B0 


2830.49 


8333.24 


3836.99 


4841.49 


0846.99 


7868.00 


9869.00 


\Ml 


2832.68 


3336.84 


3838.00 


4840.31 


6801.63 


7864.27 


'9876JD 


1.802 


2834.87 


8338.44 


3841.01 


4849.14 


5806.27 


7870JS4 


9884 Ja 


1.8S3 


2837.09 


3341.04 


3844.02 


4802.97 


6860.91 


7876Un 


9882.72 


1.8M 


2839.29 


3343.66 


3847.03 


4866.80 


6865US6 


788S.0O 


9900J3 


1.800 


2841.47 


3346.26 


3861.06 


4860.63 


5870.21 


7889.37 


9MM 


1.806 


2813.66 


8348.86 


3864.06 


4864.46 


5874.85 


7800.60 


9916.46 


1.8S7 


2846.86 


3361.46 


3867.07 


4868.29 


6879.50 


7901 J8 


9024 J6 


1.808 


2848.06 


3364.01 


3860.08 


4872.12 


6884.15 


790S.21 


9932.28 


1.800 


2800.26 


3366.68 


3863.10 


4876.95 


6888.80 


7914.49 


9040.20 


1.800 


2802.46 


3369.29 


3866.12 


4879.79 


6893.45 


7020.78 


9948.12 


1.861 


2864.66 


3361.90 


, 3869.13 


4883.62 


5897.10 


7927.07 


WBMi 


, 1.862 


2866.86 


3364.01 


3872.16 


4887.46 


6601.70 


7033.36 


9963.97 


1.863 


2800.06 


3367.12 


3876.17 


4891.30 


0006.41 


7939.66 


9971 JO 


1.864 


2861.26 


3369.73 


3878.19 


4896.14 


6011.07 


7946.94 


9979.88 


1.866 


2863.46 


3372.34 


3881.21 


4898.97 


5916.73 


7962.24 


9967.75 


1.866 


2866.66 


3374.96 


3884.23 


4902.81 


6921.38 


7968^"^ 


9906.68 


1.867 


2867.86 


3377.66 


3887.26 


4906.66 


6926.04 


79644VK 


10003.61 


1.868 


2870.06 


3380.17 


3880.27 


4910.49 


6930.70 


7971.13 


10011.64 


1.868 


2872.26 


3382.78 


3893.30 


4914..H3 


6036.36 


7977.43 


10019.47 


1.870 


2874.47 


3386.39 


3896.32 


4918.17 


6940.02 


7983.73 


10027.48 


1.871 


2876.67 


3388.00 


3899.34 


4922.01 


6944.68 


7990.03 


10036.37 


1.872 


2878.87 


3390.61 


3902.36 


4925.86 


6949.34 


7906.33 


. 10043.31 


1.873 


2881.08 


3393.23 


3905.38 


4929.70 


6964.01 


8002.64 


10061.26 


1.874 


2883.28 


3396.86 


3908.41 


4933JJ5 


6968.68 


8008.95 


10069.21 


1.876 


2886.49 


3398.47 


3911.44 


4937.40 


6963.36 


8016.26 


10067.16 


1.876 


2887^69 


3301.08 


3914.47 


4941.24 


6968.02 


8021.67 


10075.11 


1.877 


2889.89 


3303.69 


3917.60 


4945.09 


6972.69 


8027.88 


10082.06 


1.878 


2892.10 


3306.31 


8920.63 


4948.94 


6977.36 


8034.19 


l'H)60.02 


1.879 


2894.31 


3308.93 


3923.56 


4962.79 


6982.03 


8040.60 


10097.98 


1.880 


2896.62 


3411.66 


3926,59 


4906.64 


6986.70 


8046.82 


10106.94 


1.881 


2886.73 


8414.17 


3829:62 


4960.49 


6991.37 


8063.14 


10114.90 


1.882 


2900.94 


3416.79 


3932.65 


4964.34 


6996.05 


8069.46 


10122.86 


1.883 


2903.16 


3419.41 


3936.68 


4968.19 


6000.73 


8066.78 


10130^ 


1.884 


'2905.36 


3422.03 


3938.72 


4972.05 


6006.41 


8072.00 


10138.80 


1.886 


2907.67 


3424.66 


3941.75 


4975.91 


6010.09 


8078.43 


10146.77 


1.886 


2909.78 


3427.68 


3944.78 


4979.77 


6014.77 


8084.75 


10164.74 


1.887 


2911.99 


3430.30 


3947.81 


4983.63 


6018.46 


8091.08 


10162.71 


1.888 


2914.20 


3432.92 


3950.84 


4987.49 


6023.13 


8097.41 


10170.69 
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TABLES 

WOBL FACILITATING THB COMPUTATION OF THE QUANTITT OF 

WATEtt FLOWING OVJ£tt WEiJlS. 

Table I. 

To attain the greatest exactnew, it to uecenary to take acooant of the Teloc- 
ity of the water appruacbiiig the weir. The meihud adopted at Lowell for 
thitf purpoee is to make a correction for it in the observed depth on tlie weir, 
by the formula , , . 

In which 

£ 1- the obserred depth on the weir. 

ik M the head due the mean velocity approaching the weir. 

B*^ the corrected depth on the weir. 

By dcTelofiing into series and omitting the tenns containing powers of ^ 

Above the first, h being always very small, relatively to M, this formula may, 
without sensible error, be put under the simpler form. 



IP^ff+h-iyJ^' 



The mean Telocity of the water approaching the weir is nsnally found, with 
lAcient exactness, by compntiog tne dincharge. approximately, from the ob- 
•arvett depth on the weir, and dividing it by the section of the channel ap- 



proaching the weir, the quotieat being the vebiclty ; the head due this veloeity, 
or h, is fbond by 'lable 1., which is computed by the formula, 

^ ?.3= <i4.3 2.3G 
*"2i' 7,.-- -Gib- ^'VC^ 3^35 b- 

tewhleb » -. o 3 I o^ 2,7 5 71 

r- the mean Telocity. c^ " -^ ^ 

P'» the velocity arauired by a body at the end of the fiiit see- 
ond of its Csll, in a vacuum; its value^ for Lowell, bebig 

Tablb XL 
This is eonputed by the fbrmula 

C— 3.33(Z-0.1nZr) J5r* 

p M the quantity of water discharged, in cubic fSset p«r seeinid. 
L^m the length of the weir in feet. 

J7» Ae depth on the wetr In feet, being the height of the surlbee 
of the water above the top of the vveir, taken flur enough 
fW>m the weir to beunalTected by the curvature caused by 
thedlAcharge, and corrected, if neoessary, for the velocity <» 
Uie water approaching the weir. 

»*» the number of end contractions. 

IB coBitratingthe table, L is taken equal to 1, and n equal to 0. 

The actual length of the weir being known, it is to be corrected for the end 
eMktraet inns, if any, by deducting fWim it one-tenth nf the depth on the weir 
for each end etmtneti m. If the length of the weir is the same as the wlilth 
of the canal approaching It^ there Is no end contraction, and of course nothing 
to be deducted fW>m the length of the weir. The discharge, as given by the 
table, multiplied by the length of the weir, corrected, If neeeiSMry, as abortt 
fllnBS the quanlSty of watar dliefaarfsd by the weir. 
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HXADS, IN FEET. DUE TO VRLOOITIES FROM TO tM 
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>18CHAJlOB,IN CUBIC FEETPfifit)£COND. OF AWJEIB ONE FOOT LONG, WITH- 
OUT COHTBACTION AT THE ENDS i FOR DEPTHS FBOM TO 0.4W FEET. 
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13.78413.798 
1846413478 
13.94413468 

14.02514488 
14.106 14014 
14.187 14196 
1448814478 
1444814467 
14.43014.438 
14 618 14 680 
1489414.808 
14.67514484 
14.1S7iH.788 



14448 
14830 



14489 

14.928 

15.004115.018 

15.067 

15J69 

15.288 

15435 

15.419 

15 



.50215 
1548615404 

16.86915.677 



16.428 



15 086 
15.178 
15.861 
15444 
15.487 
518 



15.753 

15.887 

15.921 

16.006 

16.089 16.008 

16.174 

16458 



15.761 
15.845 
15429 
16.013 



16.182 
16.267 



16.343 16.89B 



16.437 



16413 16428 
16490 16.807 
16.684 16.688 
16.77016.778 
16465 16.864 



16.941 
17487 



17486 



16400 
17.086 



17.118 n.liS 
17 J99 17.208 



I 



17496 




261 



TXLOOITIES, IN FBET PEB SECOND, DUE TO HEADS FROM lO 

4.99 FEET. 



Head. 





1 


S 


3 


4 


5 


6 


7 


8 


9 


0.0 


0.000 


0.802 


1.184 


1.889 


1.604 


1.798 


1.965 


2.122 


2.268 


2.406 


.1 


2.636 


2.660 


2.778 


2.892 


3.001 


8.106 


8.208 


3.807 


8.408 


8.496 


.2 


8.587 


3.675 


3.7^2 


8.846 


8.929 


4.010 


4.090 


4.167 
4.878 


4.244 


4.319 


.8 


4.893 


4.465 


4.637 


4.607 


4.677 


4.746 


4.812 


4.944 


6.009 


.4 


6.072 


5.185 


5.198 


6.^ 


6.8^ 


6.880 


6.440 


6.498 


6567 


6.614 


.6 


6.671 


6.728 


6783 


eSR 


- 6.894 


6.948 


6.002 


6.066 


6.106 


6^60 


.6 


6.212 


6.264 


6.H15 


6.416 


6.466 


6.510 


6.565 


6.614 


6.662 


.7 


6.710 


6.7:8 


6.805 


6.852 


6.899 


6.946 


6.992 


7.038 


7.088 


7.129 


.8 


7.178 


7.218 


7.268 


7.307 


7.361 


7.894 


7.438 


7.481 


7.624 


7.666 


.9 


7.600 


7.651 


7.693 


7.784 


7.776 


7.817 


7.868 


7.899 


7.940 


7,960 


1.0 


8.020 


8.060 


8.100 


8.140 


8.179 


8.218 


8.267 


8.296 


8.835 


8.S78 


.1 


8.412 


8.460 


8488 


8JS26 


8.668 


8jWI 


8.688 


8.675 


8.712 


8 748 


.2 


8.786 


8.8i2 


8869 


8.895 


8.981 


8.967 


9.003 


9038 


9.074 


9.109 


.8 


9.144 


9180 


9 214 


9.249 


9.284 


9.819 


9853 


9.887 


9422 


9456 


.4 


9.490 


9£2S 


9.557 


9.591 


9.624 


9.668 


9.691 


9.724 


9.767 


9.790 


.5 


9.823 


9.855 


9.888 


9.920 


9958 


9.985 


10.017 


10.049 


10.081 


10113 


.6 


10145 


;p.l76 
10.48S 


1>.208 


10.240 


10.271 


10.302 


10.888 


10.364 


10.395 


10.426 


.7 


10.457 


10.518 


10.549 


10.579 


10.610 


10.640 


10670 


10.700 


10.780 


.8 


10.760 


10 790 


10.82) 


10.850 


10.879 


10909 


10.938 


10.967 


10.997 


11.026 


J 


11.055 


11084 


1L118 


11.142 


11.171 


U.20O 


1L228 


11.267 


11J<86 


11.314 


2.0 


11.812 


11.871 


11.399 


11.437 


11.465 


11.488 


11.611 


11J539 


11.567 


11.606 


.1 


11622 


11650 


11678 


11.705 


11.783 


11.760 


11.787 


11.814 


11.842 


11.869 


.2 


11.896 


11.928 


11.960 


11977 


12.004 


12.080 


12.057 


12.064 


12.110 


12.187 


.8 


12168 


12.190 


12 216 


12.242 


12.269 


12.295 


12.821 


12.947 


12.378 


12.899 


.4 


12 425 


12.451 


12.447 


12.502 


l^i 


12.664 


12 679 


12.605 


12.680 


12.666 


.6 


12.681 


12.706 


12.78i 


12.757 


12.807 


12 882 


12.867 


12.882 


12.907 


.6 


12 962 


124157 


12.982 


18.007 


13.081 


18.066 


18.081 


13.105 18.180 


18.154 


.7 


18.179 


13.208 


18.227 


18252 


18.276 


18.800 


13.824 


18.848 13.372 


13.896 


.8 


13.420 


18.444 


13.468 


18.492 


18 516 


13.540 


ia663 


13.587 


13.611 


13.634 


.9 


13.658 


18.681 


18.705 


18728 


18.762 


18.776 


18.798 


13.822 


13.845 


18.868 


8.0 


18.891 


13.915 


18.938 


18961 


18.984 


14.007 


14.030 


14.068 


14.076 


14.006 


.1 


14.121 


14.144 


14.166 


14.189 


14 212 


14.234 


14.267 


14.280 


14 802 


14.326 


.2 


14 847 


14.869 


14.892 


14.414 


14.486 


14.469 


14.481 


14.603 


14.625 


14.547 


.8 


14.569 


14.591 


14.618 


14.685 


14667 


14.679 


14,701 


14.723 


14.746 


14.767 


.4 


14.789 


14.810 


14.882 


14.86» 


14.875 


14 897 


14.918 


14.940 


14.961 


14.983 


Ji 


15.004 


15.026 


•16.047 


16.009 


16.090 


16.111 


16.182 


J6.164 


16.176 


16.196 


.8 


15217 


15.288 


15.259 


15.281 


16 802 


16.322 


16.844 


15.364 


16.385 


15.406 


.7 


15.427 


15.448 


15 469 


15.490 


16510 


16.5 1 


16 662 


15.572 


15.583 


16614 


.8 


15.684 


15.655 


15.675 


16.696 


16.716 


16.737 


15.757 


16.778 


15.788 


16.818 


.9 
4.0 


15.889 


15J59 


15.876 


16.899 


16 920 


16.9M 


16.960 


16.980 


16.UK> 


16.020 


16.040 


16.060 


16.080 


16.100 


16.12) 


16140 


16.160 


16.180 


16.200 


16.220 


.1 


16 240 


16.259 


16.279 


16 299 


16.819 


16.888 


16 858 


16.878 


16 397 


16.417 


4 


16.487 


16 456 


16.476 


16.496 


16.A16 


16.534 


16.664 


16 573 


16.692 


16.612 


^ 


16.681 


16.6.'M) 


16.670 


16.689 


16.708 


16.727 


16,747 


16 766 


16.785 


16.804 


.4 


16.828 


16.842 


16.862 


16881 


16.900 


16.919 


16.988 


16.967 


16.976 


16.994 


Ji 


17.018 


17 082 


17.061 


17.070 


17.089 


17106 


17.126 


17.146 


17.164 


17.188 


.6 


17.201 


17.2.0 


17 2 » 


17 2 7 


17.276 


17.296 


17.813 


17.832 


17.8S0 


17.869 


.7 


17887 


17.406 


17424 


17.448 


17.461 


17.480 


17.4S8 


17JS16 


17.636 


17JS68 


•8 


17JJ71 


17.590 


17.608 


17.626 


17.644 


17.NS' 


17.681 


lT.68e 17.717 


17 785 


.9 


17.758 


17.772 


17790 


17.808 


17.826 


17.844 


17.862 


17.880 17.898 


17.916 



^-.S^l 



262 



VBLOCITIBS, IN FEET PER SECOND. DUE TO HEADS FROM 6 TO 

9.99 FEET. 



Bead. 





1 


• 


S 


4 


5 


• 


1 


• 


9 


5.0 


17.964 


17.908 


17.970 


17J67 


18.006 


18.088 


18.041 


18.069 


i8.on 


18.094 


.1 


18.112 


18.180 


18.148 


18.166 


18.188 18JI01 


18.218 


18.286 


18.264 


18.271 


.2 


18.289 


18JI06 


18.824 


18J42 


18.869 18.877 


18.894 


18.418 


18.429 


18.446 


^ 


18.464 


18.481 


18.49# 


18.516 


18.538 


18.661 


18Ji68 


18.686 


18.603 


18.690 


A 


18.687 


18.605 


18.672 


18.689 


18.706 


16.728: 18741 


18768 


18 775 


18.798 


A 


18.809 


18.826 


18.848 


18860 


18.877 


18^94 


18J11 


18.928 


18.945 


18.968 


.6 


18.979 


18.996 


19.0U 


19.060 


19.047 


19064 


19 061 


19.096 


19.114 


19.181 


.7 


19.148 


19.165 


19.188 


19.198 


19.215 


19.282 


19.248 


19.965 


19288 


19.299 


S 


19J)16 


19.882 


19.348 


19.866 


19.882 


19.896: 19.415 


19.481 


19.448 


19.464 


.9 


19.481 


19.497 


19.514 


19JH» 


19.547 


19.563 


19.580 


19.596 


19j613 


19.629 


6.0 


19.645 


19.668 


19.678 


19.694 


19.711 


19.727 


19748 


19.760 


19.776 


19.791 


.1 


19.808 


19.825 


19.841 


19867 


19.878 19.889 19906 


19 922 


19.988 


19.964 


.2 


19.970 


19.966 


20.00'i 


20.018 


20.084 80.060. 20.067 


20.068 


20.090 


20.115 


Ji 


20.181 


20.147 


20.162 


20.178 


20.194 


20.210 20826 


20JM2 


90.258 


80.874 


A 


20.29J 


20.806 


20.881 


20.887 


20.853 


30JI69 90.385 


20.400 


20.416 


20.488 


.6 


20.448 


20.468 


20.479 


20.495 


30.610 


2UJI26 


20.642 


20.657 


20.578 


90J89 


.6 


20.604 


20.620 


20.685 


20.651 


20 667 


20.682 


20.698 


90.718 
20.868 


20.739 


20.744 


.7 


20.760 


20.775 


aj.791 


20.806 


20.822; 20887 


20.863 


90.888 


20.899 


.8 


20.914 


20.929 


20.945 


2U.960 


20.976 20.991 


21.006 


21.021 


31.087 


21.0B8 


.0 


21.067 


21.088 


21.006 


21.118 


21.128 


81.144 


21.159 


21.174 


31.189 


31.904 


7.0 


21.219 


21.885 


21.250 


21.265 


21.280 


21.295 


21.810 


21.825 


21.840 


31.865 


.1 


21.870 


21.886 


21.401 


21.416 


21.481 


31.446 


21.461 


21.476 


81.491 


31.&06 


^ 


S1JS20 


21JJ85 


2lJMi0 


21.665 


21.680 21.595 


21.610 


21.625 


31.640 


31.666 


.8 


21.660 


21.684 


21.609 


21.714 


21.729, -^1.748 


21.758 


21.778 81.788 


31.808 


.4 


21.817 


21.882 


21.847 


21.861 


21.876 


21891 


21.906 


21.990 


31.985 


31960 


Ji 


21.964 


21.979 


21.998 


220U8 


82.028 


22.087 


22.063 


22.066 


28X)81 


32.006 


.6 


22.110 


22.125 


22.180 


22154 


22.168 


22.188' 22.197 


22.212 


38.226 


22.941 


.7 


22.255 


82.270 


22284 


22.296 


22.818, 82.887 


38.843 


22.856 


22.870 


22.885 


.8 


22.880 


22.414 


22.428 


22442 


22.457i 22471 


32.485 


22.409 


k3.514 


32JI28 


.9 


22 642 


22.557 


22.571 


22.585 


22.599 


82.614 


28.628 


22.642 


22.656 


22.670 


8.0 


22.685 


22.690 


22.n8 


22.727 


22.741 


22.755 


22.769 


22.784 


S3.796 


22.812 


.1 


22.82S 


22.840 


22 8.')4 


22.868 


22.882 


32.896 


22.910 


22.924 


32.988 


22968 


.2 


22.906 


22.960 


22 904 


23.008 


28.022 


'/8086 


28.060 


33.064 


23.078 


28.098 


.8 


23106 


28.120 


28.184 


28.148 


23.162 


23.175 


23189 


28.208 


28.217 


28281 


A 


28.245 


28.269 


28.272 


28 28A 


28.800 


28.314 


28 328 


28.811 


28855 


23.369 


.5 


23.883 


28.896 


28.410 


28.424 


28.488 


28.451 


28.465 


28.4:9 


28.492 


28.506 


.6 


28.520 


28.584 


28.547 


28.661 


23.574 


28.588 


28 602 


23.615 


28.629 


28 643 


.7 


28666 


28.670 


23 688 


23.697 


48.711 


28.724 


28.738 


28.751 


28.765 


28.778 


.8 


23.792 


28.806 


28.819 


28.8« 


28.846 


23.859 


28.878 


28.886 


^8.900 


23.913 


.9 


28.927 


28.94U 


28.958 


28967 


28.980 


28.994 


24.007 


24.020 


24.084 


24.047 


9.0 


24.061 


24.074 


24.067 


24101 


24.114 


24.127 


24141 


24.164 


24.167 


24.181 


.1 


24.194 


24.207 


24.220 


24.284 


24.247 24.260 


24.274 


24.287 


24.800 


24813 


.2 


24 826 


24.840 


24.853 


24.366 


24 879 24.392 


24.406 


24.419 


24.482 


24445 


.8 


24458 


24.471 


24 485 


24 496 


24.511 24.624 


24.637 


24.660 


24.568 


24.576 


.4 


24.589 


24.603 


24.616 


24629 


24.642 24.(i55 


24.668 


24 681 


24 694 


24.707 


.5 


24.720 


24.7.38 


24.746 


24.750 


24772 24.785 


24.798 


24.811 


24 824 


94.887 


.6 


24.»M) 


24.H68 


24.876 


24.888 


24.901 


24.914 


24 927 


24.940 


24.935 


34.966 


.7 


24.979 


24 992 


25.006 


26.017 


25.080 


25.043 


25.0.')6 


25.069 25.082] 


25.094 


.8 


26.107 


26.120 


25183 


25.146 


25.158 


S5.ni 


25.184 


25.197 


25.ii09 


95.222 


.9 


25.286 


25.248 


25.260 


25.278 


25.286 


25.289 25.811 26 824 


85.887 25 JM» 



i 



266 



VEL0CITIS8, IN FEET PER SECOND. DUE TO BEADS FROM Si TO 

99.90 FEET. 



HmmI. 





1 


IM 


40J01 


40.109 


.1 


40.181 


40.J89 


J 


40.281 


40.989 


J 


40J41 


40JN9 


.4 


40.481 


40.428 


A 


40JM)0 


40JK)8 


.6 


40JS79 


40J{87 


.7 


40.869 


40.666 


J 


40.788 


40.746 


.9 


40.818 


40.824 


M.0 


40.896 


40.903 


.1 


40.974 


40.982 


.8 


41.062 


41.000 


.8 


41.180 


41.188 


.4 


41.209 


41.216 


A 


41.^7 


41.294 


.6 


41.864 


41Ur72 


.7 


41.442 


41.450 


.8 


41.080 


41.627 


J 


41.697 


41.606 


27.0 


41674 


41.6^2 


.1 


41.761 


41.759 


.8 


41.828 


41.886 


J 


41.906 


41.918 


.4 


41.962 


41.989 


Ji 


42.068 


42.086 


.6 


48186 


42.142 


.7 


42.211 


42.219 


.8 


42.287 


48.295 


.9 


42.868 


42.371 


28.0 


42.489 


42.446 


.1 


42.615 


42.622 


a 


42.600 


42.598 


.8 


42.668 


42.673 


.4 


42.741 


42.748 


.5 


42.816 


42.824 


.6 


42891 


42.899 


.7 


42.966 


42.974 


3 


48.041 


48.048 


.9 


48.116 


43.128 


89.0 


43.190 


43.198 


.1 


48.264 


43.272 


.8 


48.889 


43 846 


.8 


48.41.3 


48.420 


.4 


48.487 


48.494 


Ji 


486A1 


48.568 


.6 


48685 


43 642 


.7 


48.706 


43.716 


.8 


4.3.782 


4.3.789 


.9 


48.856 


48.862 



40.117 
40.197 
40.277 
40.867 
40.486 
40JS18 
40.696 
40.674 
40.768 
40J888 

40 911 
40Je9 
41.068 
41.146 
41.284 
41.808 
41.880 
41.458 
41.636 
41.612 

41.690 
41.767 
41.844 
41920 
41.997 
42074 
42.150 
42.22n 
48.308 
48.878 

48.454 

42.680 
42.606 
42.681 
42.756 
42.881 
42.906 
42.981 
48.066 
48.180 

48.206 
48279 
43.854 
48428 
48502 
48676 
48fi49 
48 7'i3 
48.796 
48.870 



40.125 
40M6 
40.285 
40J65 
40.444 
40684 
40.608 
40.688 
40.761 
40.840 

40.919 
40.997 
41.076 
41.164 
41.282 
41U)10 
41.888 
41.465 
41.548 
41.620 

41.697 
41.774 
41.851 
41.928 
48.006 
42.081 
42.158 
42.284 
42.810 
42.886 

48.462 
48 587 
42.618 
42.688 
48.764 
42.889 
42.914 
42 989 
48.068 
48.188 

48.212 

48.287 
48.861 
43.485 
43.509 
48.588 
48.fifi7 
48.780 
48 804 
48.877 



40.188 
40.818 
40.896 
40.878 
40.402 
40.682 
40.611 
40.890 
40.7<>9 
40.848 

40.927 
41.006 
41X)68 
41.168 
41.240 
41.818 
41.385 
41.478 
41561 
41.628 

41.706 
41.782 
41.869 
41.986 
42.018 
42 069 
42.165 
48.841 
42^17 
48.888 

48.469 
42.545 
48.680 
48.696 
48.771 
42.846 
42.921 
42.906 
48.0H 
48.146 

43.22^ 
48.294 
43.868 
43.448 
48.517 
48..^90 
4.3.684 
4«788 
48.811 
48.884 



40.141 
40.281 
40801 
40J81 
40.460 
40.640 
40.619 
40.690 
40.777 
40.866 

40.984 
41.018 
41.091 
41.169 
41.848 
41.826 
41.408 
41.481 
41.668 
41.686 

41.n8 
41.790 
41.867 
41.948 
48020 
48.096 
48.178 
42.249 
42.825 
48.401 

48477 
48.568 

42.628 
48.708 
42.779 
42.854 
42929 
48.004 
48.078 
43.158 

48.827 
48..302 
48.876 
48450 
4a524 
43.698 
48 671 
43.745 
43.818 
48.892 



40.140 
40.229 
40aiO 
4o.;)80 
40.468 
40648 
40.827 
40.708 
40.786 
40J64 

40.948 
41021 
41.000 
41.177 
41.256 
41838 
41.411 
41480 
41.668 
41.648 

41.720 
41.797 
41J74 
41.961 
42028 
42 104 
48.180 

42 857 
42.888 
42.409 

42.484 
48JS60 
48.686 
42.711 
48.786 
42.861 
42.986 
48.011 

43 086 
48.160 

48.286 
43.809 
43888 
48.467 
43.581 
43.60R 
48.679 
48762 
48 826 
48899 



8 



40.167 
40.887 
40.817 
404107 
40^78 
40JHS6 
40.636 
40.714 
40.798 
40.878 

40.000 
41 J 89 
41.107 
41.185 
41.268 
41.841 
41.419 
41496 
41.674 
41.661 

41.728 
41.805 
41888 
41.968 
42.036 
42.118 
48.188 
48864 
42.840 
48.416 

42.492 
42.e68 
42.648 
42.718; 
42.794 
42.869 
48.944 
43.018 
48.098 
48.168 

48.848 
48816 
48 891 
4d.44« 
48 589 
43.618 
43.««86 
48.700 
43.883 
48.906 



40J86 
40.246 
40.826 
40.406 
40.484 
40/83 
40648 
40.728 
40 801 
40.879 

40J68 
41.086 
41115 
41.103 
41.871 
41.849; 
41.426 
41604' 
41.681! 
41.669 

41.786 
41.818 
41.890 
41.987 
48.048 
42.119 
42196 
42.272 
42.348 
48.484 

48.480 
48.676 
42.651 
42.786 
42.801 
42.876 
42 951 
48.086 
48101 
48.176 

48.250 
48.324 
48898 
43.472 
48 646 
48.620 
48.694 
48.767 
48.840 
48.914 



40.178 
40.868 
40.888 
40.413 
40.402 
40.071 
40.661 
40.780 
40 800 
40.887 

40006 
41.044 
41.128 
41.901 
41.870 
41.867 
41.484 
41.618 
41.680 
41.866 

41.744 
41.921 
41.807 
41.074 
48 061 
43.187 
43808 
48.870 
^.365 
48.481 

48.507 
42.683 
42.658 
48.788 
48.809 
48 884 
42.950 
43 088 
48.106 
48.188 

48.257 
48 881 
43 406 
48.480 
48.568 
48.627 
48.701 
48.774 
48.848 
48.021 




Hud 


• 


A 


• 


= 


4 


■ 


^ 


T 


8 1 V 


aoo 


13 928 




43 9B 


43 9B0 


13 968 


43.906 


43.972 


43 960 


1 




44.001 


tlJIA 


44J)1( 


ti.a.- 


uiiui 


44,031 


44.0U 


44:06: 


i4:oooi4;o67 




«.07( 


44.08: 


44.0K 


44.097 






44.118 


44,11( 




.3 








44.1B9 




4i:i» 


44.19 








A 






44!23l 


41.241 




41.261 






44:27^ 


44J2S6 




44 J» 


44:a« 


14.308 


44.316 


44.82: 


44Ja 




4i:34< 


**-^ 


44.568 




44.WI 




44.Sg( 


41.887 


44.3M 














44,438 






44.4«l 






44:181 








'.« 


14..''I0 












44.664 






44.676 




44E82 


MJ»0 


4i:t97 


41:60, 


«■"' 


4i:61B 


44 626 


4i:633 


4j:64o 


44.641 




44.sra 


















41 n9 


'.I 


41.727 




44:741 


44'7-i( 


44.7« 


4i:7K 


41*77C 




4i.;s^ 


44:791 


a 


41.1Ba 


14.SW 


41.81! 


M,8ai 


«.82; 


41,881 


M.Ml 


41,819 


44.856 




^ 


44.870 


44.877 




44.Bft 




44.9D6 




41,9d 


44,927 


ll'936 


.4 


41.BU 


4L9I9 


44:gst 






41,9; 


4198 




41.999 


46,006 


.6 


4^01J 


i..l«] 


a.Djs 


is'-aai 


4S.011 


46.01B 


46.066 


4i:o« 


IJJ17O 


46J.78 


Jt 




4S.092 


4vo9e 


46.106 


is.li; 


4S.Ii 


46.117 


46,136 


46.112 


16.149 






4B.l<i! 


4fi.i7a 


45.177 






46.199 


46.206 


16,213 




'.a 


ISJBi 




46.M1 


4fiJ{lS 


A6.2St 


45:2s: 


46.270 


4S,2T7 


46,281 


45,291 




46.V98 


isisw 


46.312 


4B.319 


iBJZl 


49,334 


16J4I 


46,348 


1D.S56 


45,802 


32.0 


4S3r8 




16.3K3 




4GJ197 


45,406 


46.412 






16 433 






4?l'447 




4&-46I 


1S.4W 


45,475 


46.4S2 




46:i&i 


46,604 






45.&lt 




4fijsa 




48.611 










'.S 










46.80! 












A 


4S,«M 


45 661 








46:8T 






16:708 




Ji 


4S,71i 


4».7» 






u:7E> 


46,76 


16.71* 




ICITt 








45.791 








46.82 


46.B8G 










4G!gfiS 












4fl.eoi 




ie.9ii 


4&,9W 


X 


49.933 




46.9*7 




46.W1 


46.86 


46.976 




46M( 


4fi.«« 




4fl.(»3 


40.010 


48.017 




4a.08l 


40.038 


«Mli 




46,069 


46.066 


B3.0 


4s.ii;3 


48.080 


4«.o;s 


46.093 


46.109 


46.107 


4^.114 


46121 


46.12! 


46.135 




ia.it 


«.14fl 


4S.IM 




46.170 


4B.1T 


48.181 


46,191 




48.206 






ifl.ais 


4«.2Z0 




46.240 








48'jl» 




is 




4S.2SS 






46.3CS 


48*316 


46:32! 




46.337 


46'!I44 




te.3i\ 


4B.3.^8 


46.366 


46'.37! 


46.379 


48.386 


48.BK 


18^91 


OI.IO* 


48113 


JS 




4(i.4in 


48.434 




46.44< 


UA:i 


46-«3 


46.461 




16 483 












46.617 


40.S24 


46,631 




46:641 


46.662 




KKa 


4«.fi» 




4S;67( 


MJ« 


MMi 


48.B0t 


46:601 


48.61; 


48.6^«1 


M 


te-m 


«63S 








46.861 


46.669 






16.600 




18.897 


4fl.703 


46,710 


48.711 


46.72) 




46.739 


48.711 


46:761 


46 769 


34.0 


48 766 


49 771 


«.TO 


48.786 




4<.80( 


4e,ftn7 


46.B1' 


16.B20 


46.827 










4fl.H6l 


4i;.8« 








46.BSB 










46:b1( 




46-8* 


16.9:>] 


*6.m 


46:961 


16,*W 


46:b61 


^ 




48 9^ 


46.086 




4e,a« 




47 0li 


17.011 




47,033 


.4 


47.1>1C 




1 H6! 














47.101 












vim 


47:11: 






47: l« 


4T.189 




47:i7f 


47.181 


t'.\» 


17.19; 


47.2I.) 


47.211 


1J:217 


47'S24 


47.231 


47,238 


.7 


47.244 


47J!S1 


4.2.-A 








47 28,; 


47.S9; 


47,291 


iiaiia 




47.312 




4 .321 




471841 












■* 


47.3Sa 


47JS7 




47,401 


47,107 


47:414 


47,411 


47,42t 


47:tl( 


47:141 
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VEL007TUC9, IN FEET PER SECOND, DUE TO HEADS FBOM 3S TO 

aOJW FEET. 



fiMd. 





1 


8 


8 


4 


8 


8 


1 


8 


'• 


96.0 


47.448 


47.465 


47.462 


47.469 


47.476 


47.482 


47.489 


47.496 


47JS02 


47J06 


.1 


47.A16 


474128 


47Jte9 


47J&36 


47JM8 


47.660 


47.566 


47.668 


47.570, 47.6n 


.8 


47.684 


47.680 


47.697 


47.601 


47.611 


47.617 


47.624 


47j681 


47.6381 47.644 


^ 


47.651 


47.668 


47.666 


47.671 


47.678 


47.685 


47il02 


47.696 


47.706 47.718 


.4 


44.719 


47.726 


47.782 


47.739 


47.745 


47.752 


47.769 


47.766 


47.772, 47.779 


Ji 


47.786 


47.798 


47.799 


47J06 


47.818 


47.819 


47.826 


47.883 


47.840! 47.846 


.6 


47.M68 


47.860 


47.867 


47.878 


47.880 


47.887 


47.896 


47.900 


47.907, 47J»14 


.7 


47.920 


47.927 


47.984 


47.910 


47.947 


47 954 


47.961 


47J67 


47.874 47iKl 


.9 


47.067 


47.994 


48.001 


48.007 


48.014 


48.031 


48.088 


48.034 


48.011 48.048 


.9 


48.064 


48.061 


48.068 


48.074 


48.081 


48.068 


48X94 


48.101 


48.106 4&11A 


36.0 


48.121 


48.128 


48.134 


48.141 


48.148 


48.156 


48.161 


48.168 


48.175' 48.161 


.1 


48.188 


48.195 


48.201 


48.208 


48.215 


4A.221 


48.228 


48.285 


48.241 48.248 


Ji 


48.255 


4S.261 


48.268 


48.276 


48.281 


48.288 


48.296 


48.302 


48.306 48.815 


.8 


48.321 


48.328 


48.885 


48.841 


48.348 


48.865 


48.361 


48.368 


48.375 48.381 


.4 


48.888 


48.304 


48.401 


48.408 


48.414 


48.421 


48.428 


48 434 


48441 48.448 


.5 


48.464 


48.461 


48.467 


48.474 


48.481 


48.487 


48.494 


48.601 


48.607 48Jn4 


.6 


48.621 


48.527 


48.684 


48.540 


48JM7 


48.064 


48.660 


48JS67 


46JS74 48.680 


.7 


48.687 


48.698 


48.600 


48.607 


48.613 


48.620 


48.626 


48.688 


48.640 48.646 


.8 


48.663 


48.660 


48.666 


48.678 


48.679 


48.686 


48.683 


48.668 


48.706 48712 


.9 


48.719 


48.726 


48.782 


46.739 


48.746 


48.702 


48.769 


48.766 


48.771 48.778 


87.0 


48.785 


48.792 


48.796 


48.806 


48.811 


48.818 


48.824 


48.831 


48888 48.844 


.1 


48.851 


48.857 


48.864 


48.871 


48.877 


4o.lH}4 


48.890 


48.S97 


48JKMI 48.910 


.2 


48.917 


48.928 


48.98J 


48.936 


48918 


48 960 


48.966 


48.963 


48880 48.976 


JB 


48.982 


48.989 


48.995 


49002 


49.009 


49.016 


49.022 


49.018 


48.006 494)41 


.4 


49.048 


49.066 


49.061 


49.068 


49.074 


49.061 


49.067 


49.094 


49.100: 49.107 


.6 


49.113 


49.120 


49.127 


49.183 


49.140 


49.146 


49168 


49.160 


49.166.40.172 


.6 


49.179 


49185 


49.192 


49.199 


49.206 


49.212 


49.218 


49.226 


49281! 49.288 


.7 


49.244 


49.261 


49.257 


49.2C4 


49.270 


49.2n 


49.288 


49.290 


49.297,49308 


.8 


49.310 


49.316 


49.323 


49.329 


49 386 


49.842 


49..349 


49.356 


49882 


40.868 


Ji 


49.375 


49.381 


49.888 


49.891 


49.401 


49.407 


49.414 


49.420 


49.427 


48.438 


88.0 


49.440 


49.446 


49 463 


49 459 


49.466 


49.472 


49479 


49.486 


49.482* 49.406 


.1 


49.606 


49.611 


49 618 


49.524 


49 581 


49.687 


49.r44 


4SJX0 


40.667 49.668 


.2 


49.570 


49.676 


49 583 


49 589 


49.686 


49.602 


49.609 


49.616 


49.622 49628 


.8 


49.635 


49 641 


49.648 


49 664 


49.061 


49.667 


49.673 


49.680 


49.686, 49.696 


.4 


49.699 


49.706 


49 712 


491719 


49 726 


49 732 


49.738 


49.746 


49761148.758 


Ji 


49.764 


49.no 


49.777 


49.783 


49.790 


49.796 


49.808 


49 809 


48.816 49.822 


.6 


49 829 


49.836 


49.842 


49.848 


49.854 


49 861 


49 867 


49.874 


48.880 49.887 


.7 


49.893 


49.900 


49.906 


49 912 


49.919 


49.925 


49.982 


49.988 


49.946 49.961 


.8 


49.958 


49.964 


49 970 


49.977 


49 988 


49.990 


49.996 


60.008 


60.009 60.015 


.9 


60.022 


60.028 


60.035 


60.041 


60.048 


60064 


60.060 


60.067 


60.078 60.080 


89.0 


60.086 


50.003 


60.099 


60.1A6 


60.112 


60.118 


00.125 


60.131 


50.187 60.144 


.1 


60 160 


60.157 


60 163 


60.170 


60.176 


00.182 


60.189 


50196 


6<>.2U2 00.208 


.2 


60.214 


50.221 


50.227 


60.284 


6<t.240 


50.246 


fO.268 


60.259 


60 266 60.278 


.8 


60.278 


60.286 


60.291 


50.298 


00.304 


50.2)10 


60.317 


60.823 


604n0 60.886 


.4 


60.342 


60.819 


60.866 


50.362 


60 368 


50..?74 


60.381 


60.387 


6(» 898 60.400 


Ji 


60.406 


60.418 


60.419 


60.425 


60.432 


604.38 


50 444 


60.451 


60.467 60.464 


.6 


50470 


50.476 


60.488 


50.489 


50.495 


60.502 


60.508 


60.616 


60.621 60.627 


.7 


60684 


50.640 


60 546 


50 568 


50669 


60.565 


50.572 


60.678 


00.686, 60JS91 


^ 


60.697 


60.604 


60.610 


60.616 


60.623 


^0.629 


60 686 


60.642 


6'>.648 50.664 


J) 


60.661 


60.667 


6U.673 


50.680 


60.686 


50.692 


60.699 


60.706 


60.712| 60.718 
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VBLOCITIES, IN FEBT PER SECOND, DXnS TO HEADS FROM 40 TO 

44.99 FEET. 



Head. 





1 


• 


S 


4 


5 


• 


7 


8 


9 


40.0 


60.724 


60.781 


60.787 


60.748 


60.750 


60.76(6 


60.762 


60.769 


60.775 


50.781 


.1 


60.788 


60.794 


60.800 


60.81)7 


60.813 


60.819 


50.826 


50.832 


60.888 


60.845 


.2 


60.851 


60.867 


60.863 


50.870 


60.876 


60.882 


60.889 


60.896 


60.901 


50 908 


.3 


60.914 


60.920 


60.927 


60.983 


60.989 


50.946 


60.962 


50.968 


60.965 


fc0.97l 


.4 


60.977 


60.963 


60.990 


60.996 


61.002 


51009 


61.016 


51.021 


01.028 


51.034 


.6 


61.040 


61.047 


61.068 


61.059 


61.065 


61.072 


61.078 


51.064 


01.091 


61.097 


.6 


61.108 


51.11Q 


61.116 


61.122 


61.128 


51.136 


61.141 


61.147 


61.154 


51.160 


.7 


61.106 


61.172 


51.179 


61.ia5 


61.191 


51.198 


61.204 


01.210 


61.216 


61.228 


.8 


61.229 


61.236 


61.241 


61.248 


61.254 


61.200 


61.267 


01.-^3 


01.279 


51.-.86 


.9 


61.292 


61.296 


61.804 


61.81U 


61.817 


61.823 


61.829 


01.336 


61.342 


61.848 


41.0 


61.864 


61.861 


61.867 


61 ..^3 


61.379 


01.386 


61.892 


01.898 


01.404 


61.411 


.1 


81.417 


61.423 


61.429 


61.486 


61.442 


61.448 


61.464 


01.461 


51.467 


61.478 


.2 


61.479 


61.486 


61.492 


M.488 


61.604 


61.511 


61.517 


61.623 


61.629 


51.686 


J^ 


61JM2 


614M8 


61.664 


61.681 


61.667 


61.673 


61.679 


01JV86 


61JI82 


51.596 


.4 


61.604 


61810 


61.617 


61.828 


61.620 


61.685 


61.642 


61.648 


01.654 


01.660 


A 


61.887 


61673 


61.879 


61.686 


61.691 


61.698 


61.704 


01.710 


51.716 


61.728 


.6 


6L729 


61.736 


61.741 


61.747 


61.754 


61.760 


51.786 


01.7?i 


61.778 


61.785 


.7 


61.791 


61.797 


51.803 


61.809 


61.816 


61.822 


61.826 


61.884 


61.841 


61.847 


.8 


61.863 


61.8 '>9 


61.865 


61.872 


61.878 


61.884 


01.800 


61.896 


61.903 


51.90» 


.9 


61.916 


61.921 


61.927 


61.934 


61.940 


61.946 


61.968 


01.966 


51.964 


61.971 


42.0 


61.977 


61.963 


61.989 


61.995 


62.002 


62.008 


62.014 


02 020 


62.026 


62.082 


.1 


62 039 


62.046 


62.061 


62 0.57 


02.063 


62.070 


62076 


62.082 


68.06X 


62.<94 


.2 


62.100 


82.107 


68.113 


62 119 


62.12) 


62.131 


52.187 


62.144 


62.150 


52.166 


.8 


62.162 


62.166 


62.174 


52.181 


62.187 


62.193 


52.199 


62 206 


62.211 


62.218 


.4 


62.234 


62.280 


62.236 


62.242 


62.248 


62.266 


62.261 


62 267 


62.?73 


62.279 


A 


62.285 


62291 


82.298 


62.3>)4 


52.310 


62.816 


62.322 


62 828 


02.834 


52.341 


.6 


62 347 


62.368 


62.859 


62.866 


68.371 


62.3n 


62 884 


52 390 


62.396 


62402 


.7 


62.406 


62.414 


62.^0 


62.427 


62.433 


62.439 


61446 


62.451 


62.457 


52.468 


.8 


62.470 


68.476 


62.482 


62.488 


52.494 


52.500 


62.606 


62.512 


62 619 


62.625 


.9 


62.681 


08.687 


62.648 


62.649 


02.656 


62.561 


62.667 


62.674 


62.580 


62.588 


43.0 


82.692 


68.608 


62.604 


62.810 


02.816 


62.823 


62.629 


62.635 


68.641 


52.8IT 


.1 


62.863 


62.899 


62.666 


68.671 


62.6:8 


62.684 


62.690 


62.696 


62.702 


62.706 


.2 


62.714 


68.r20 


62 726 


62.782 


62.736 


62.746 


62.761 


62.767 


62.763 


62769 


.8 


^.776 


62.781 


62.787 


62.798 


62799 


62.806 


62.M2 


62.818 


68.824 


62.830 


.4 


62 836 


62842 


62.848 


62.854 


62.860 


62.866 


02.873 


62.879 


62.885 


62.891 


A 


62 897 


68.908 


62.9 9 


52.915 


62.921 


62.927 


62.983 


5/.989 


62.946 


52.ft52 


.6 


02968 


62.964 


6i.970 


62.976 


62.982 


62 988 


62.994 


63.000 


63.00H 


68012 


.7 


68.018 


&i.024 


63.030 


68.a37 


68.048 


63.049 


63 06.5 


63.061 
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1.7566 


23) 


6 


21 


3.0722 


2 


111 


9 2} 


6.7772 


18 


4 84 


1.7812 


23| 


6 


8 


3.1081 


2 114 


9 34 


6.8738 




4 81 


1.8061 


2 


6 


3} 


3.1418 


2 11} 


9 41 


6.9701 


18i 


4 H 


1.8311 


2 Oi 


6 


44 


3 2075 


3 





9 5 


7.0688 


I8i 


4 91 


1.8562 


2 Oi 


6 


44 


3.2731 


3 


01 


9 5i 


7.1671 


18i 
181 


4 lOJi 


1.8816 


2 01 


6 


5} 


3.3410 


3 


04 


9 61 


7.2664 


4 104 


1.9071 


2 1 


6 


64 


3.4081 


3 


0} 


9 74 


7.3662 


181 


4 101 


1.9328 


2 n 


6 


71 


3.4775 


3 


1 


9 81 


7.4661 


181 


4 Hi 


1.9586 


2 14 


6 


84 


3.5468 


3 


11 


9 9 


7.5671 


19 


4 HI 


1.9847 


2 m 


6 


3i 


3.6101 


3 


14 


9 9i 


7.6691 


19l 


5 


1.9941 


2 2 


6 


91 


3.6870 


3 


1} 


9 104 


7.7791 


19i 


5 04 


2.0371 


2 2| 


6 


104 


3.7583 


3 


2 


9 Hi 


7.8681 


A V' 4 

191 


5 Oi 


2.0637 


2 2.i 


6 


111 


3.8302 


3 


2i 


10 04 


7.9791 


19^ 


5 1| 


2.0904 


2 2| 







3.9042 


3 


24 


10 04 


8.0846 


191 


5 1| 


2.1172 


2 8 




01 


8.9761 


3 


2} 


10 1} 


8.1891 


* V 

191 


5 2 


2.1443 


2 3| 




11 


4.0500 


3 


3 


10 24 


8.2951 


19i 


5 21 


2.1716 


2 3^ 




2} 


4.1241 


3 


81 


10 31 


8.4026 


20 


5 2i 


2.1990 


2 3| 




34 


4.2000 


3 


34 


10 4 


8.5091 


20i 


5 Bi 


2.2265 


2 4 




3i 


4.2760 


3 


8} 


10 44 


8.6171 


20k 


5 8| 


2.2543 


2 41 




4} 


4.3521 


3 


4 


10 51 


8.7269 


20i 


5 4 


2.2822 


2 44 




54 


4.4302 


3 


41 


10 6} 


8.8361 


204 


5 41 


2.3103 


2 4| 




61 


4.5083 


3 


44 


10 71 


8.9462 


201 


5 4i 


2.3386 


2 5 




7 


4 5861 


3 


4} 


10 8 


9.0561 


201 


5 6| 


2.3670 


2 5| 




74 


4.6665 


3 


5 


10 8} 


9.1686 


20i 


5 54 


2.3956 


2 54 




81 


4.7467 


3 


51 


10 94 


9.2112 


21 


5 5i 


2.4244 


2 5| 




94 


4.8274 


3 


54 


10 10} 


9.3936 


2li 


5 6| 


2.4533 


2 6 




101 


4.9081 


3 


5} 


10 114 


9.5061 


2U 


5 6| 


2.4824 


2 61 




11 


4.9901 


3 


6 


U 114 


9.6212 


21} 


5 7| 


2.5117 


2 64 


7 11} 


6.0731 


3 


61 


11 0} 


9.7364 


214 


5 74 


2.5412 


2 6| 


8 


01 


5.1573 


3 


64 


11 14 


9.8518 


211 


5 7i 


2.5708 


2 7 


8 


1} 


5.2278 


3 


6} 


U 21 


9.9671 


2ii 


5 Si 


2.6007 


2 71 


8 


24 


5.3264 


3 


7 


11 3 


10.084 


211 


5 8i 


2.6306 


2 74 


8 


24 


5.4112 


3 


71 


11 34 


10.202 


22 


6 94 


2.6608 


2 71 


8 


3} 


5.4982 


3 


74 


11 4} 


10.320 


221 


5 94 


2.6691 


2 8 


8 


44 


5.5850 


3 


7} 


11 51 


10.439 


221 


5 91 


2.7016 


2 81 


8 


5} 


5.672tf 


3 


8 


11 61 


10.559 


221 


5 lOi 


2.7224 


2 84 


8 


64 


5.7601 


3 


81 


11 7 


10.679 


221 


5 io| 2.7632 


2 81 


8 


64 


5.8491 


3 


84 11 7} 10.800 
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8 
3 
3 
3 
3 



81 
9 

91 
9i 



3 10 
3 lOj 
3 lOi 
3 101 
3 11 

3 m 
3 m 

3 11} 

Oi 
Oi 
01 
1 
li 

H 
II 

2 

2i 

2h 

21 

3 

31 

3d 

31 

4 

41 
41 
41 
6 

5 
6 

6} 
6 

6 

6 

6i 

7 

;i 

8 
81 



1 



t 



1 8h 
1 9i 
1 101 
1 101 

1 HI 

2 04 

2 U 
2 



2 

2 2| 

2 3| 

2 

2 



41 

2 6 

2 61 

2 74 

2 81 



2 9| 
2 9} 
2 101 

2 Hi 

3 Ol 
3 1 

8 U 

3 2| 

3 3i 

3 4t 

3 6 

3 5| 

3 64 

3 71 

3 81 

3 8i 

3 9| 

3 104 

3 111 

4 

OS 



4 

4 
4 
4 
4 
4 
4 
4 
4 
4 



11 
2i 

5i 
61 
7i 
7i 
St 



Area in 

Sqaare 

feet. 



10.922 
11.044 
11.167 
11.291 
11.415 
11.534 
11.666 
11.793 
11.920 
12.048 
12.176 
12.305 
12.435 
12.566 
12.697 
12.829 
12.962 
13.095 
13.229 
13.364 
13.499 
13.635 
13.772 
13.909 
14.047 
14.186 
14.325 
14.465 
14.606 
14.748 
14.890 
15.033 
15.176 
15.320 
15.465 
15.611 
15.757 
15.904 
16.051 
16.200 
16.349 
16.498 
16.649 
16.800 
16.951 
17.104 
17.257 



Diam. 

iQ 
ft. in. 



4 
4 
4 
4 
4 
4 



5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 



84 
81 
9 

91 
94 
91 



4 10 
4 101 
4 104 
4 101 
4 11 
4 HI 
4 114 

4 HI 

5 



1 



J 



01 
Oi 

Oi 
1 

II 

2 

2 

2 

21 

3 

3 

3 

81 

4 

*1 

44 

41 

5 

5 

5 

61 
6 

61 
64 
6| 
7 

71 
74 
7| 
8 



! 



Ciic'm. 

lU 

ft in. 



4 94 
4 101 
4 U 
4 Hi 



5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 



01 

li 

21 
21 
31 
44 

64 
61 
71 
84 
91 



5 10 
5 101 

5 HI 

6 Of 
6 U 

6 n 

6 21 
6 34 
6 41 
6 5i 
6 5S 
6 61 
6 74 
6 81 
6 9 
6 91 
6 lOl 
6 Hi 



01 

OS 

II 

24 

3i 

44 

4i 

51 

64 

71 

8 

81 



Area in 

Square 

ieet. 



17.411 
17.665 
17.720 
17.876 
18.033 
18.189 
18.347 
18.506 
18.665 
18.825 
18.985 
19.147 
19.309 
19.471 
19.635 
19.798 
19.963 
20.128 
20.294 
20.461 
20.629 
20.797 
20.965 
21.135 
21.305 
21.476 
21.647 
21.819 
21.992 
22.166 
22.333 
22.515 
22.621 

22.866 
28.043 
23.221 

23.330 
23.578 
23.758 
23.938 
24.119 
24.301 

24.483 
24.666 
24.850 
25.034 
25.220 



Area ia 

Sqiuure 

feet. 



25.405 
25.592 
25.779 
25 964 
26.155 
26.344 
26.534 
26.725 
26.916 
27.108 
27.301 
27.494 
27.688 
27.883 
28.078 
28.274 
28.471 
28.663 
28.866 
^.065 
29.264 
29.466 
29.665 
29.867 
30.069 
30.271 
30.475 
30.679 
30.884 
31.090 
31.296 
31503 
31.710 
31.919 
32.114 
32.337 
32.548 
32.759 
32.970 
33.183 
33.396 
33.619 
33 824 
34.039 
34.265 
, 34.471 
1041 34 688 
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Diam. 


Circ'm 


Area in 


Diam. 


Circ'm. 


Area in 


Diam 


Circ'm 


Area in 


in 


in 


sauare 
teet. 


in 


m 


square 
feet. 


in 


in 


square 
feet. 


ft. in. 


ft. in. 


ft. in. 


ft. 


in. 


ft. in. 


ft. 


in. 


6 8 


20 lU 


34.906 


9 7 


30 


H 


72.1309 


13 6 


42 


45 


143.1391 


6 8i 


21 Oh 


35.125 


8 


30 


4| 


73.3910 


7 


42 


8 


144.9111 


6 Sk 


21 Oi 


35.344 


9 


30 


7i 


74.6620 


8 


42 


111 


146.6949 


6 81 


21 1| 


35.564 


10 


30 


u« 


75.9433 


9 


43 


H 


148.4896 


6 9 


21 21 


35.784 


11 


31 


11 


77.2362 


10 


43 


6i 


150.2943 


6 9i 


21 Si 


36.006 


10 


31 


5 


78.5400 


11 


43 


8ft 


152.1109 


6 9^ 


21 4 


36.227 


1 


31 


84 


79.8540 


14 


43 111 


153.9384 


6 91 


21 41 


36.450 


2 


31 


m 


81.1795 


1 


44 


25 


155.7758 


6 10 


21 51 


36.674 


3 


32 


2| 


82.5160 


2 


44 


6 


157.6250 


6 lOi 


21 61 


36.897 


4 


32 


H 


83.8627 


3 


44 


95 


159.4852 


6 10^ 


21 7i 


37.122 


5 


32 


H 


85.200 


4 


45 


Oi 


161.3553 


6 101 


21 7i 


37.347 


6 


32 


HI 


86.588 


5 


45 


3i 


163.2373 


6 11 


21 81 


37.573 


7 


33 


25 


87.9697 


6 


45 


6ft 


165.1303 


6 lU 


21 9|| 


37.700 


8 


33 


^ 


89.3608 


7 


45 


91 


167.0331 


6 Hi 


21 10| 


38.027 


9 


33 


n 


90.7627 


8 


46 


01 


168.9479 


6 111 


21 11 


38.256 


10 


34 


oi 


92.1749 


9 


46 


4 


170.8736 


7 


21 111 


38.4846 


11 


34 


H 


93.5986 


10 


46 


75 


172.8091 


1 


22 3 


39.4060 


a 


34 


6ft 


95.0334 


11 


46 


Hi 


174.7665 


2 


22 61 


40.3388 


1 


34 


91 


96.4783 


15 


47 


li 


176.7160 


3 


22 H 


41.2825 


2 


35 


Oi 


97.9847 


1 


47 


4ft 


178.6832 


4 


23 01 


42 2367 


3 


35 


41 


99.4021 


2 


47 


71 


180.6634 


5 


23 2& 


43.2022 


4 


35 


7i 


100.8797 


3 


47 


105 


182.6545 


6 


23 6| 


44.1787 


5 


35 


lOft 


102.3689 


4 


48 


2i 


184.6555 


7 


23 11 


45.1656 


6 


36 


li 


103.8691 


6 


48 


65 


186.6684 


8 


24 U 


46. 1638 


7 


36 


44 


105.3794 


6 


48 


8i 


188.6923 


9 


24 41 


47.1730 


8 


36 


71 


106.9013 


7 


48 Hi 


190.7260 


10 


24 7| 


48.1926 


9 


36 


101 


108.4342 


8 


49 


2t 


192.7716 


11 


24 101 


49.2236 


10 


37 


21 


109.9772 


9 


49 


51 


194.8282 


8 


25 H 


50 2656 


11 


37 


64 


111.5319 


10 


49 


85 


196.8946 


1 


25 4| 


51.3178 


12 


37 


81 


113.0976 


U 


60 





198.9730 


2 


25 71 


52.3816 


1 


37 Hi 


114.6732 


16 


50 


85 


201.0624 


3 


25 11 


53.4562 


2 


38 


2ft 


116.2607 


1 


50 


6i 


203.1615 


4 


26 2i 


54.5412 


8 


38 


51 


117 8590 


2 


60 


9ft 


205.2726 


5 


26 5| 
26 8| 


55.6877 


' 4 


38 


81 


119.4674 


3 


51 


Oi 


207.8946 


6 


56.7451 


5 


39 





121.0876 


4 


61 


81 


209.5264 


7 


26 lU 


57.8628 


6 


39 


H 


122.7187 


6 


61 


6i 


211.6703 


8 


27 21 


58.9920 


7 


39 


6} 


124.3598 


6 


61 


10 


218.8251 


9 


27 61 


60.1321 


8 


39 


H 


126.0127 


7 


62 


15 


216.9H96 


10 


27 9 


61.2826 


9 


40 


Oft 


127.6766 


8 


62 


4i 


218.1662 


11 


28 01 


62.4445 


10 


40 


31 


129.3504 


9 


52 


71 


220.3687 


9 


28 Si 


63.6174 


11 


40 


61 


181.0360 


10 


52 


lOi 


222.5510 


1 


28 6} 


64.8006 


13 


40 


10 


132.7326 


11 


53 


1ft 


224.7603 


2 


28 9^ 


65.9951 


1 


41 


11 


134.4391 


17 


53 


4i 


226.9806 


3 


29 0| 


67.2007 


2 


41 


4i 


136.1574 


1 


53 


8 


229.2105 


4 


29 31 


68.4166 


3 


41 


7i 


137.8867 


2 


53 


115 


231.4625 


5 


29 7 


69.6440 


4 


41 


lOj 


139.6260 


3 


54 


25 


233.7055 


6 


29 10& 


70.8823 


5 


42 


1ft 


141.3771 


4 64 


51 


235.9682 



Bmer son's Lev^r DTnamometers, 

toK VliaOIKS TBE FOVRH Etill:: Hll> TU Duivl MlLU AHD MaCHIHIIT. 




|.uw.^r, IliHl Rcrc OD eihlUUoii Kt VIc^dub, were Bliown me. £uh Hemcd » \ 
ciIrnTagaiill}' unftlted fnr iLe purpoae, tliU my uiiiul wu drawn to tbo subjeet. 
In H few hours irety simple plan. wb» dcvltedfor doing It, by the applioiilioii . 
o( Bprinf^ to the drlTlog pulleji na hu oftfin been tried tloce bj othere- A 
model WHft prepared, and ui ipplication made lor a pateDt. In the meantliiK, 
1 series of eipe nilre experlmentB demonstrated the utter BnRllabili^ of aprinp J 
for the pmpOBe, ea the plan and application tot patent were abandoned. Dajs 
IDd months were then expended In flodltit; R eubstltate for Bpiingi. A. pulley 
placed looselj upon the 



ending oi 



pulley; In i 



■e placed In the iplder, m 
a rotated In line irllh the i 
of Ihc anna of the epldcr. 



n as the pnlley; another 
on opposilo sldea o( tie 
at right angles with (he 
lalns were Brat aeciued to 
It (bt end! of the ^der; 



froEii thou 



881 



recenlral onei; then 
if the apider in a lUiUng collar c 
levM, mB shown In all flubs«quent pluns, 
Attached to a haagcr, post, or ndn wall ; 
Mled to Ml oi ■ ~ 



eipenditure of much cii 



■bis I 



ilutcly In 



s ind large iuidb □ 



I the AhAfti *liich opemted m forked 
Thla lever was held by a fulcrum 
ic other end of llie lever wu con- 



iractica 






rowded oi 
le their 



Imtantdestniciian, while tlie conatwitl}' chanf^ng (bico from unbalanced pnlleyi, 
abalUng, &e., or the throwing en or off machinery, rendered It ImposMble (o 
move the poise on the beam In time to meet inch changes with occuraer. To 
abTlate the difflculty caused by the end pressure, a system of leieri was tried, 
but this, thongb siding In that direction, necessitated a knowledgeof the exact 
i^ze of eiery pulley and shaft to nhlcb It waa to be applied, and Ihs direction In 
which the abaft ran; in (ad, the lustmment could only be made to order la 
each Individual caie, patterns belngrequired for each. In place of a scale-beam, 
a ■eU-welghlng arm, of the pendulum order, vorklng upon a quadrant scale, 
ira* nibltltaled; bat this oscillated >o wildly, through the sudden changes of 
faree, that It dashed doiin po>t>, hanger* and aide walla, endangering property 
and even llib. An iUustratian of Che phin may be seen at the bead ofthls article. 
To aroid the dilBcuhy about tbe lite of Ibe pulley, a plan, aa here Uluatrated, 




wai tried, to apply It M a Joint In the abaft In the place of > conpUng, but li 

Whether appUed to pulley or coupling, the instrument bad to be graduated b] 
hanging welghta upon one aide of the pulley and marking the Indei as thi 
weigbing am waa raised; but the large bearing of abaft and pitots prodncec 
eaceadve (riciion, which could only be oyereome by Jarring pulley and abaft; 

Inch ihaft WI* sprung badly by tbe weight and hammering. To avoid this dilB. 
catty, a plan waa deylacd and patented for building the inalrument upon knife 
adgea at every point of bearing, but this, of course, was very expensive, though 

t^ OBdllation of the sell-actlng weighing arm, the weight was made lUn, brsad 




fMtnte, M lie .— 

nuoubls obJecUon hag been 
ptoSl, H a 1«M price tbim ilH co 

It if Ufht, perTecllr accnratB, vuu 
diuiged Iroin pImb to place in ■ gboi 
coDiKctcd wltb poUcf « of vay liie w 



lent of appllcUlon. and maj readilir ba 
' mill, >9 It tnav be Beaded. It may ba 
D reaMPuble lunlts, and to run lb either 



Emerson's r-ower Soale, 

BR REqUIBEQ TO DbITI MiLLK , 




Tbltm 



lengw madowilh illofthepmn 
If r, J, J, J. The rod, V. ninni 
d weighing ana from sHlngins 



Tho prime If 



I worUnc upon th« hub it in the 

ig iuto the floor ftboTe, preTfenca 

„ „ or luming wLtU Iho ■huR. Ths 

oti^UIlon of pendulum weight. The iplder. 

m wax to 1IOW B cnmee of lererB, >o tlial It mtj ran right or len. 

re of 'the piUb; lh>( those plyotii inTariablj deacribe * drcle w'hen 
Id roluion of ■ giyea number of feet, and at that patnt they are connec^ted to ■ 
puUey of an; nils by the conaecline Unkg, N, N. ■Aete connecliona are so mHde 
[n order to adjuti any itoperteellon of pl.gUng Ibe leiem b> tUey are chanxed 
right DT left. All of llie parts lo flt nn Ihe (hnft or hub of iptder are made In 
~ 1 np'ldcrfor *'""■"'■ «.."". """' "■ . « "!' 



rbe upldcrfor ajrivcn elied instrument i9 bored to one unvarylnK 'lEe.nySl 
achea, and is made to flt any ti» of leu diameter by a buahlng. The palWt 
L, ia the ordinary driilnr pulley, and I* not famished irilh tlie ioatrament. Tho 
rbolearrui^mcntlaaoarmple that the illuanation will be readllyjindenlODd 
' explaaMloo ; if not, the article ftom U» Lond 



. underiWod 

D EnglDcerlng^ 

„ .- — r 1' powible to make 

It. The name, for conreidence, li chaiured from Dynamometer, which few un- 
derstand or readily pronounce, lo that of Power Scale, it la graduated al the 
plACe of inHmifaeluTi-, and ready for Immediate applEcallon when drllTered. No 
frnme work of any kind is nrcejaaiy, ae it if complete In luelf. The nccemlly 
for in use may be judged from the fact that in the fourteen yean the eiperf- 
'-- ■■ -— -•■ — >■ "—I applied to shaft In any case whatever 



a not paid tor the I 
lul the difference is not 

J«che'^iderwr™#d" 






.n three i 



-often I 

vor the hirei 
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Bmerson's Lever Dynamometer. 



rOB UAf VBQCO TBB POWBB BSqUIBSO TO DBIYS JUUJi MMD MACOSOMXT* 

[From th4 London Xngineering.} 

** ▲ thoroaicUy relUble djnftmometer of simple eonstraeaon, ud capable of 
being readilj applied, is an inscrument which might be emplojed with advautage 
in 4 Ta4t uumber of cases. Almost ull emplojers of macmnery are interested in 
the amount of power which their machines reqoire to drire them, and the accu- 
rate measurement of this power would, in a mst number of instances, lead to the 
discovery of souroes of wnste. which at present pass unnoticed. lu other cases. 
sJso, where mechanical power Is hired, it is of importance, both to the hirer and 
letter, that the power thus applied should be determined aocuratelj. Altogether 
there is a great want of a simple and reliaule dynamometer, and for this reason 
we illustrate an instrument of this kind, which has been introduced in the United 
States, and of the perform iuoe of which good accounts are giren. This dyna> 
mometer ha« been designed by ICr. James Emerson. Referring to the engraving* 
it will be seen that all the motions are absolute. There is no dependence upon 
springs, spiral, or other forms, which are so liable to be affected by changes of 
temperaturti, and so unreliable under Tariatious of power. It is very simple in 
ooustrucdoni and direct in operation. The pulley A, is loose on the shaft, and 
receives the power. Its connection with the shaft is made by means of the 
spider J, wliien is keyed or screwed firml^r to the shaft in close contiguity with 
the receiving pulley, its hub, in £iust, formmg one of the guides to the position 
of the pullav on the shaft. To connect this fixed wheel with the loose receiving 
pulley, a bell crank lever is pivoted into projecting ears on the rim of the whed 
on opposite sides, the long arm of which connects with an annular slotted coIU» 
on the shaft by means of the short bars, B. The short arms of the bell crank 
levers coooect on the inside of the fixed wheel with two radial bars, one parallel 
to the outer arm of the bell crank, and the other at riffht angles to it, receiving 
near its upper end a pivot passing through a swivelhung to the arm of tike 
spider wiieel, and havlujif its extreme end pivoted to a stud fixed on the inner side 
of the rim of the receiving pulley. It wul be seen from this description that the 
strain of the power received through the belt on A will necessarily react on the 
levers, and through them, on the fixed wheel, which may be considered nothing 
more or 1«$8S than a support to these levers in sustaining them in position to connect 
the loose receiving pulley with the shaft. At B it will be seen the levers are con- 
nected by pivots with the slidintc collar. In the annular groove of which is seated 
a str.ip witn which is connected a forked lever, the fulcrum at C. To the end of 
the long arm of this lever a rod with a short section of ihachine chain is attached. 
This chain >'uns over the cylindrical head, D, of a pendulum weight, E, haviug a 
pointer that traverses a fixed onadrant, F, properly divided bv ascHle to denote 
the relative pressure exerted through the medium of the receiving pulley on the 
shaft. Clie pulley, G, is fix 'd to the shaft, aud delivers the power." 

With this description of the parts, and an examination of the engraving, any 
of our readers may understand the operation of the device. It will oe seen that 
all th') motions are absoluie, there being no chance for play and "backlash." It 
is a welghlnar machine as correct in principle as the old>fisshloned steelyards or 
the plauorm scales; in fact, it is simply a rotary platform sciJe, and each 
machiue U weighed and tested in place by hanging to the pulley, A, s^ed 
weli(ht«, and marking the index as each weight is added." 

Mechaalc<il power is as much an article of commerce as is any other mate- 
rial that supplies our necessities or comforts, but while everything el»e Uiat is 
bought and sold is weii;h.td, measured or gauged with the most careftd exact- 
ness, operative fo ce. the very mainspring of business is disposed of in a man- 
ner so slovenly that only a knowledge of the force that a long continued habit 
has upon man cai account for its tolerance for a day; but the wonderful improre- 
ments m.v\e daring the past half century in the means of bringing all nations 
tos^ther, almost as one people, have brought about a sharpness of competition 
that will forever render impossible the enormous profits once so common with 
manufacturers ; and far greater economy in every expenditure will be absolutely 
necessary hereafter to bring success ; with few exceptions, dividends of the past 
five years have been extorted from the wages of the operatives, and it will be 
well for capitalists to consider how long such a system can be continued. ForCr 

Sears since our mills and shops were supplied with help from the New SnglaM 
tates ; that source has long been exhausted. Ireland was then drawn upon, and 
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way will proTe the utility of such leita, if econoinv la to he praliaed. 

The deacrlptlon by the Engineerinn, explains the onsti-ucUon of the Initm- 
m<-nc. The compoIatloDi are at follows: Each Instrument la graduated la a 

of the weighing pulley, and thi> grail uatinn moal he i etJ^ned I hough the aiie of 
pulley mar be lucrea-ed by Ugilng at will. Su^jpose the weighlai< pudey ta be 
making 8M rerolutiona ft minute while it is ca-rying by belt KO pounda, pro- 
ceed »• follow* : t&0Xt0=36Oi)v2ea=«100oa-t>'!300a=^T,U hone power. Foi 
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Flour Manufacture. 



The object of this article is to enable those unacquainted with the business to 
understand the milling terms in common use, and to purchase imderstandlngly 
for domestic purposes. For ages, the grinding of the cereals was done in a very 
primitive and simple manner. It would be idle to attempt any conjecture as to 
the time when the use of the upper and lower millstones were first used, or 
when one of the two was first rotated by other than hand-power ; but the plan 
has been continued to the present time, though there now seems to be a prospect 
of a complete change, as the stones, it is believed, cause a loss of some of the 
most valuable properties of wheat in grinding, and rollers to crush the kernel 
are rapidly being substituted. Wishing to get the facts, the following letter was 
sent to Messrs. Allis & Co., who furnished the following illustrations and de- 
scription of mills, but was unable to furnish all the information desired ; so 
recourse was had to Albert Hoppin, editor of the Northwestern Miller, of 
Minneapolis, Minn., who kindly and readily furnished details asked for. 

Edward P. Allis, Esq., Milwaukee, Wisconsin. 

Dear Sir : Having published the results gained from more than a dozen 
years of continuous experiments, the information has been called for by practical 
milling men, mechanics, engpineers, educational institutions and the legal frater- 
nity. 1 seldom go into court as expert in hydrodynamic cases where my book 
is not in use. It uas gained a rapid circulation in this country and Europe, and 
has been sent for from Japan. Uecently, the census bureau sent for a copy to 
be used, I understand, in some way in preparing statistics about water power. 
Of course, I feel pleased that my efforts have been appreciated, and wish to 
make the work still more useful. It is easy here to get information about cotton, 
woolea or silk manufacture, but not about the manufacture of flour. Having 
Tisited your works at Milwaukee, and mills in several different states that were 
constructed and Aimished with machinery by your firm, I take the liberty of 
apnlying to you as the most competent person of my acquaintance for usef\il 
Information about the production or flour. I would like illustrations of mills and 
machinery, elevations, plans if necessary ; then separate machines in detail. I 
would like an elevation of one fitted with the ordinary burr stone, driven by 
water power; another, fitted with rollers and driven by steam. I would like the 
acreage of wheat the past season, the best soil for same, the maximum per acre 
and general average. (I know this last can be seen in the census report, but 
that report is not always to be had.) I want the pounds of flour to the barrel, the 
number of bushels of wheat required for the same, the weight of different kinds 
of wheat, or other grain, per bushel; the weight of flour or meal produced Arom 
a bushel of rye, oats, Indian com, buckwheat. A brief description of Haxall 
flour, and the "New Process,** of course, should be given. Of course, it is not 
expected that the information shall be so explicit as to enable one to learn the 
business and become a first-class miller, but sufficient to make the terms in gen- 
eral use intelligible to those living far away from such scenes. Are the ordinary 
burr stoioet used for grinding cement, plaster, and the like? 

Yours truly, 

JAMES EMERSON. 
WiLLiMAMilTT, Mass., Dec. 27, 1880. 
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"Wheat. 

iDthconiTM of Ml utkle on vbeuuid iti cultnre, Inu urieultural Jounul, 
H r. J. Z. BrlKoe louchu upon lomo fwta which ari! of intereM la our reulen : 
The TUletle* af tlila gniD are uinaeraiu, ud *to conimoul? knoirn u bald 
wbsat, iMBHlad wh«M> woolly wheat, (all or wlnler irbeat, apring nr tummir 
vrlMab Mc^ Than Tanette* an Dumnroiul; labdlridad, and luiaira Id dlffcnnt 
ItMalUeabrdmrantaamaa. The dlArent Tariotle* an w claaaUad with nsard 
to color, aod kaomi on tha Darfcet iiqder tba oaoKa of white wheat MHTied 
whsat. The ndTarietlaa are geoeralljcoDildend the moat hardy and produe- 
tire.llioilfb inlMlar in quality, and prodadhg leaafloar thaB the while. Clav 
■oUt and Acta baaTvlaama arc bcMadapted to tha gminhofthli plant, but wilh 
■apdeiillivation wiUfloBflilieTeDonllafattandyaoUa. Wheal haa been ci 
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A— OnyH Pxent NtdMlcn Boll« Hill. 

B — Iron Htuid for Cwrrying LiseduA. 

C— Iron ngbtner ud Fiune complete. 

D— Iron Bunt Prama wllh Coniaior Bracktt 

E — Copper.Elnei] TmnpoC and LIglita IicTaL 



[— ElBTHton with Iron Boot*. 



The NiaffMra Falls Mill. 




This a one at Iht flnrit mllli In the ccmatrr, bolh Id p<dat of dtdgn Knd con- 
venlencB, the lubstuidil chinctei of the building ud muUnery, uid the high 
finish Hid excellence oC the woikmaiulilp. The pluu were nude in the Ikll o[ 
ISTT, uid in J>DUi7, U7S, the enUre caatrut HU tmvded to the Mceira, AlU* 
* Co., who fUmlihed the entire machinery and loperlniended the erection of the 
mill and power, turning ll over (o the ownere, Meiiri. Schocllkopf & Mathawa, 
or Buffalo, N. Y.. In SepUmber or that year. In complete ruuuiiig order. 

■' The mill and elcTstor are alluated on the blink of that immenae canon, nine 
milea long, wlilch Niagara ha* worn out of Ihe aoUd rock in the lapae or ccntn- 
Tiet, and whaae depth at the mill Is 310 leel. The locailan it somrililiig orer ft 
hair mile from the Falli, and at Ihe ead of that eipeneive cauil. IhaoKhonlr ft 
mile long, which tapa Niagara BlTer above the lUplda and Falls. The head- 
nce la about 300 feet long, the aldei being built of dreaaed atone l^d in cement, 
and ia arched Ibe greUer part of Ita length, There are two bead'gtlea — on* «t 
the pond Bud the other « the bulk-bead. Thla Ual la made of cut-atoDe, and ii 
eighteen foot aqnftre, and deep enough lo hold fifteen feet of water. Both race- 
V^ftad bulk-head were made deep enough to aland over two feel of Ice wltbeot 



■IratFing npon Ihe hEid. From Ibe bulk-hcu] the wUer l> bnnght Is Ilu wiler. 
whedi, B Uliunce of tS teel. In ■ tube mide ot bidler iroD, ud ten Act in diwn- 
cter, tbe wXer ]»t1db tbe tube Kl rigbt anglea wltb tbi h«d-na. The {nl in 
which Ihe wBif r.wlieel* ire pliMil wu blaned ooi of (olid rock on the edge of 
tbe precipice. It 1> W feet deep, U tetC wide and extendi buck 30 feet. Tba 
■ INTERIOR TUSff 8. 




er tho larger wheel la seien feel deep ud nlni 
(he smaller wheel it ecTen feet deep and >li feet wide. The penetoeka of both 
nheeli are placed on lion girders. lupported by heavy Iron cdIddiu. The power 
ia tnoamltted by two inrblneB. The larger la M indies tn dlamelet. placod in 
mh Iron penitock; under a bead ot (i3 (eet, IsratedatsaOb.p. Tbethaltldi'tba 
vhetl U at ateel, uid la IS hei long and flTe Inchei in diameter. lUi trbeel 
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drlTci the mill proper ind bU Us micbliKry ci«pC Ihe flour pufcera. TheH 
and Ihs deuing mBchinery, together wlib the elcTstor mBcldiiery, are driTCn 
by * SS.liKh turbine In in iron penslocli, vlilch, uuler Uie same head u the 
krger wheel, U iale<] hI 300 h. p. The stiall of tble wheel is alu) of steel, 31 




tDchee Id dluaeler, and of the i 
Both whecl> are rcKulaicd bj yt 
BppUonee of a llrflt-elABH moden 
1,000 barrel! per day, and empl 



letiglli u the thin [roin the larger wheel. 

w FroceM Dill, and bu a capacity of about 
about 2o men. In couDDction with the mlU, 
oopcr Bhope and wareroomi. Macblnery it 

DHd for making the barrela, the power being tnuiiDutlcd lo the coopEr abop 

from (be main building by a wire rope." 
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^e annexed engravings represent an end and aide elevation of a flouring mill 
at Rochester, Minn. The mill contuns four run of stones ; one double pair of 
• by 18 corrugated rolls on bran ; one double pair of 9 by 18 smooth iron rolls on 
ttiddlings, and Ave double pairs of porcel^n rolls. The capacity of the mill is 
estimated at flrom 175 to 200 barrels per 24 hours, and uses from 80 to 90 h. p. It 
has four stories, a basement and attic. It dlflers somewhat from most of the old 
mills by the height of the floors, which are fourteen feet, except in the attic and 
basement. This gives plenty of ventUation— something veiy much needed in 
every mill, not only on account of its healthy influence on the millers and mill 
hands, but also the good efl'ects it has on the grain and flour» besides the room it 
gives for proper spouting. 

As can be seen, a turbine is used as a motor. It works under twelve feet 
head, and gives the requisite power to drive all the machinery. The gndn clean* 
lug machinery is ample, consisting of a separator, a brush madiine and a Kurth 
CocIlIc separator. The silent feeders are of glass ; the curbs of black walnut, 
and there are two packers. There are eight purifiers and one bran duster, 
driven by the main-line shaft. There are ten 18-foot reels, one 20-foot gra^ng 
reel, and one 12-foot wire reel. There are four bins, which have a capacity of 
10,000 bushels, in one corner of the building. 

The system used is The High Grinding System, with subsequent bran redac- 
tion on corrugated rolls ; but the wheat is not granulated on corrugated rolls, as 
in the regular Hungarian system. The wheat is high ground on three runs, at 
the rate of eight to ten bushels per hour. The meal is then elevated to one tier 
of reels in an eight-reel chest. The tailings from the scalping reel are sent 
through an aspirator, where the fine bran is blown out, and by this means in- 
creasing the capacity of the 9 by 18 corrugated roll, into which the heavy bran 
is dropped, and improving the meal. The bran goes from this to the upper reel 
in a two-reel chest, where it is scalped. The tailings are then passed through a 
bran duster. After this, the bran is cleaned thoroughly, and is elevated to the 
bran bin. The middlings are passed to the grading reel. The coarse middlings, 
after being purified, are passed through iron rolls to flatten the germs, which are 
tailed off, and spouted to the fourth run to be mixed with similar offal, and made 
into a lower grade of flour. The other middlings are taken to the purifiers on 
the third floor, and are then repurifled on machines below the second floor, and 
from thence spouted to the porcelain rolls. The meal from these is elevated to 
the fancy reels in the other tier of the eight-reel chest. Tailings and second 
middlings are repurifled and reground on porcelain rolls. The wheat flour is 
made on one side of the eight-reel chest, and the fancy flour from the middlings 
on the other. The two-reel chest is used for bolting bran and low grade meal, 
producing low grade flour. But there are provisions made by a sufficient num. 
ber of elevators to make a straight grade of flour at any time. The dust-room 
is in the attic, where all the dust from the purifiers and aspirator is blown. 
Shorts come from the lower reel, being the tailings from that reel, &c. 



The number of pounds per bushel of different kinds of grain varies in difiTeiw 
ent States and Territories. The following table gives the weight of different 
cereals, lentals, &c., showing where highest and lowest weights exist 
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Kind 

of 
Grain. 


Greatest 

Weight 

Required. 


Lowest 

Weight 

Allowed. 


States 
in which 
Highest. 


States 
in which 
Lowest. 


Bekarks. 


Wheat. 


60 


60 




The weiffht of wheat per 

hnshpl 1a tTiA BATnA ftll AVAr 






the United States. 


Bye. 


66 


32 




Louisiana 


With the exception of Cal- 
ifornia, where 34 lbs. are al- 




lowed , and Louisiana, 32 lbs. , 
56 lbs. is the general average 


Oats. 


36 


26 


Oregon. Maryland 


32 lbs. is that required in 
most States. 

More variable than otlier 
cereals. 


Buck- 
wheat. 


52 


42 


Virginia, 

West 
Virginia, 
Georgia. 


Dekota 
Territory, 
Minneso'a 


Indian 
Corn. 


68 


52 New York' California 

1 1 


66 lbs., general average. 


Com 


70 


68 




Indiana. 


70 IbK. nsnally required. 


on Cob. 




Millet. 


60 


40 XohnulrAl ^ l^*-» «xcept lowa, 46; 
*" I^®**"""i Washington. 40 lbs. 


BeajM. 


64 


60 


Maine. 




60 lbs., general average. 
In Maine, great attention is 
paid to bean raising, produ- 
cing beans of finest quality, 
for compounding that great 
Eastern dish known as **Bc9' 
ton Baked Beans." B. B. B. 






Peas. 


60 


00 




00 lbs., general average. 







The weight of wheat in any State is constantly changing, owing to the shifting 
of the wheat-belt. 

Floub oa Mbal xadk from a Bushel or GaAiif. 

From 4| to 61 bushels of wheat are required to make a barrel of flour of 196 
pounds, depending upon the quality of wheat, the flour and the miller. 

A bushel of rye makes from 20 to 25 pounds. The balanoar makes feed of 
about the same value as corn meal. 

A bushel of barley makes from 20 to IKi pounds of flour or meaL 

A bushel of buckwheat makes from 20 to 25 pounds of flour. 

India wheat, raised lAthe Northern New England States, perhaps Canada, 
will yield 15 pounds of flour to the bushel. 

It tiUces about 12 bushels of oats to make a barrel of 200 pounds of oat-meal. 
There is an oat-meal mill at Cedar Rapids, Iowa, grinding 40,000 bushels of oats 
a week, and another at Iowa City, ^nding 30,000 bushels. By the census of 
1875, for the State of Iowa, six counties nearest to these two oat-meal mills pro- 
duced in 1874, 101,206 acres of oats, averaging about 80 bushels to the acre — 
8,036,180 bushels, which is about one year's supply of these two mills. 

In Indian com, there is a shrinkage of a pound to the bushel in grinding. 

Haxau*— Trade-mark of the firm of Haxall, Crenshaw & Co., Virginia, mil- 
lers, who made a high grade of flour. Has been used to some extent to denote 
a high grade of flour in connection with the *'New Process," but otherwise 
meaningless in that connection. 

It may make the matter more intelligible to certain readers to say that what 
Are called middlings of wheat are substantially the same as the cream of milk. 
A " straight grade " of flour means flour made from the wheat, including all of 
its properties. The patent flour is of the middlings or best part of the wheat. 
After taking the miadlings from the wheat, the residue is, as stated, called 
*' Red Dog} which in fact would be the equivalent of skim milk. Real Graham 
flour is untwlted wheat, the whole substance of the wheat being included ; but 
unprincipled miUers talw the "red dog" part of flour and mix bran with it, and 
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The Origrin of New Process Millinfir. 

The following article, written by Albert Hoppin, editor of the JforthuieaUm 
Miller i at the request of Special Agent Chas. W. Johnson, and which forms a 
part of his report to the census bureau on the manufacturing industries of Min* 
neapolis, will explidn the new methods better than anything I can write : 

To rightly understand the change that has taken place in milling methods 
during the last ten years, it is necessary to compare the old waywith the new» 
and to obsenre wherein they differ. From the days of Oliyer £yans, the first 
American mechanic to make any improyement in milling machinery, until 1870, 
there was, if we may except some grain-cleaning or smut machines, no yery 
strongly marked adyance in milling machinery or in the methods of manufactur- 
ing flour. It is true that the reel ooyered with finely woyen silk bolting cloth 
had taken the place of the muslin or woolen coyered hand sieye, and that the 
old granite mill stones haye giyen place to the French buhr ; but these did not 
effect the essential parts of the modua operandi, although the quality of the 
product was no doubt materially improyca. The processes employed in all the 
mills in the United States ten years ago were identical, or yery nearly so, with 
those in use in the Brandywine mills in Eyans* day. They were yery simple, 
and may be diyided into two distinct operations. 
First--Grinding (literally) the wheat. 

Second — Bolting or separating the flour or interior portion of the berry from 
the outer husk, or bran. The greater part of the flour now made in this country 
is made on an entirely different and yastly improyed system, which has come to 
be known to the trade as the New Process. 

In looking for a reason for the sudden actiyity and spirit of progress which 
had its culmmation in the New Process, the character of the wheat rused in the 
different sections of the Union must be taken into consideration. Wheat may be 
divided into two classes, spring and winter, tlie latter generally being more 
starchy and easily pulyerized, and at the same time having a very tough Dran or 
husk, which does not readily crumble or cut to pieces in the process of grinding. 
It was with this wheat that the mills of the country had chiefly to do, and the 
defects of the old system of milling were not then so apparent. With the 
settlement of Minnesota, and the deyelopment of its capacities at a wheat 
ffrowing state, a new factor in the milling problem was introduced, which for a 
time bid fair to ruin every miller who undertook to solve it. The wheat raised 
in this state was, from the climatic conditions, a spring wheat, hard in structure 
and having a thin, tender and friable bran. In milling this wheat, if an attempt 
was made to grind it as fine as was then customary to grind winter wheat, tne 
bran was ground almost as fine as the flour, and passed as readily through the 
■ meshes of the bolting reels or sieves, rendering the flour dark, specky and 
altogether unfit to enter the eastern markets in competition with flour from the 
winter wheat sections. On the other hand, if the grinding was not so fine as to 
break up the bran, the interior of the berry being harder to pulverize, was not 
rendered sufficiently fine, and there remained after the flour was bolted out a 
large percentage of shorts or middlings, which, while containing the strongest 
and best flour in the berry, were so full of dirt aud impurities as to render them 
unfit for any farther grinding except for the very lowest gnAe of flour, tech- 
nically known at " red dog." The flour produced from the first grinding was 
also more or less specky and discolored, and, in everything but strength, inferior 
to that made from winter wheat, while the "yield" was so small, or, in other 
words, the amount of wheat which it took to make a barrel of flour was so larure* 
that milling in Minnesota and other spring wheat sections was anything but 
profitable. 

The problem which ten years since confironted the millers of this city was how 
to obtam from the wheat which they had to grind a white, clear flour, and to so 
increase the yield as to leave some margin for profit. The first step in the 
solution of this problem was the invention by £. N. La Croix of the machine 
which has since been called the purifier, which removed the dirt and light 
Impurities fW>m the refuse middlings, in the same manner that dust and chaff are 
removed from wheat by a fanning-mlll. The middlings thus purified were then 
reground, and the result was a much whiter and cleaner flour than it had been 
possible to obtain under the old process of low close grinding. This flour was 
called "Patent" or "Fancy "and at once took a hiirh position in the market. 
The first machine built by La Croix was immediately improved by George T« 
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Smith, and has since then been the subject of numberless variations, changes 
and improvements ; and over the principles embodied in its construction there 
has been fought one of the lonfrest and most bitter battles recorded in the annals 
of patent litigation in this country. The purifier is to-day the most important 
machine in use in the manufacture of flour in this country, and may with pro- 
priety be called the comer stone of New Process milling. The earliest experi- 
ments in its use in this countrywere made in what was then known as the "Big 
Mill " in this city, owned by Washburn, Stevens & Co., and now known as the 
Washburn mill B. 

The next step in the development of the New Process, also originating in 
Minneapolis, was the abandonment of the old system of cracking the mill stone, 
and substituting in its stead the use of smooth surfsM^es on the mill stones, thus 
in a large measure doing away with the abrasion of the bran, and raising the 
auaiity of the flour produced at the first grinding. So far as we know, Mr. £. £. 
Dtephens, a Minneapolis miller, then employed in the mill owned by Messrs. 
Pillsbury, Crocker & Fish, and now a member of the prominent milling firm of 
Freeman A Stephens, River Falls, Wisconsin, was the first to ventnre on this 
innovation. He also first practiced the widening of the furrows in the mill 
stones and increasing their number, thus adding largely to the amount of 
middlings made at the first grinding, and raising the percentage of patent flour. 
He was warmly supported by Amasa K. Ostrander, since deceased, the founder 
and for a number of years the editor of the Korthtcetttm MiUtTt a trade news- 
paper. The new ideas were for a time vigorously combatted by the millers, but 
their worth was so plain that they were soon adopted, not only in Minnea^lis, 
but by progressive millers throughout the country. The truth was, the "New 
Process " in its entirety, which may be summarized in four steps — ^first, grinding 
or, more properly, granulating the berr^; second, bolting or separating the 
"chop" or meal into first flour, middlings and bran; tnird, purifying the 
middlings; fourth, regrinding and reboltmg the middlings to produce the 
higher grade, or " Patent " flour. This higher grade flour drove the best winter 
wneat flours out of the eastern markets, and placed milling in Minnesota upon 
a firm basis. The development of the " New Process " cannot be claimed by 
any one man. Hundreds of millers all over the country have contributed to its 
advance, but the millers of Minneapolis have always taken the lead. 

Within the past two or three years what may be distinctively called the ^'New 
Process " has, in the mills of Minneapolis and some few other leading mills in 
the country, been giving place to a new system or rather a refinement of the 
processes above described. This latest system is known to the trade as the 
" Gradual Reduction" or high grinding system, as the " New Process" is the 
medium high grinding system, and the old way is the low or close grinding sys- 
tem. In using the gradual reduction in making flour, the miU stones are 
abandoned, except for finishing some of the inferior grades of flour, and tiie 
work is done by means of grooved and plain rollers, made of chilled iron or 
porcelain. In some cases discs of chilled iron, suitably furrowed, are used, and 
in others concave mills consisting of a cylinder running against a concave plate. 
In Mlnneapolin, the chilled iron rolls take the precedence of all other means. 

The system of gradual reduction is much more complicated than either of those 
which preceded it; but the results obtained are a marked advance over the 
*' New Process." The percentage of high grade flour is increased, several grades 
of different degrees of excellence being produced, and the yield is ^so greater 
from a given quantity of wheat. The system consists in reducing the wheat to 
flour, not at one operation, as in the old system, nor in two grindmgs, as in the 
" New Process," but in several successive reductions, four, five or six, as the 
case may be. The wheat is first passed through a pair of corrugated chilled iron 
rollers, which merely split it open along the crease of the berry, liberating the 
dirt which lies in the crease so that it can be removed by bolting. A very sm^ 
percentage of low grade flour is also made in this reduction. After passing 
through what is technically called a " scalping reel" to remove the dirt and floor, 
the broken wheat is passed through a second set of corrugated rollers by whic^ 
it is further broken up, and then passes through a second separating reel which 
removes the flour and middlings. This operation is repeated successively until 
the flour portion of the berry is entirely removed from the bran, the necessary 
separation being made after each reduction. The middlings from the several 
reductions are passed through the purifiers, and after being purified are reduced 
to flour by successive reductions on smooth iron or porcelain rollers. In some 
cases, as stated above, iron discs and concave mills are substituted for the roller 
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mill, but the operation is enbstantially the same. One of the principal objects 
sought to be attained by this high grinding system is to avoid all abrasion of the 
bran, another is take out the dirt in the crease of the berry at the beginning of 
the process, and stiU another to thoroughly free the bran from flour, so as to 
obtiUn as large a yield as possible. Incidental to the improved mothods of mill- 
ing as now practiced in this country is a marlced improvement in the cletming of 
the grain and preparing it for flouring. The earliest grain cleaning machine was 
the ** smutter," the office of which was to break the smut balls, and scour the 
outside of the bran to remove any adhering dust, the scouring machine being 
too harsh in its action, breaking tlie kernels of wheat, and so scratching and 
weakeiiin^r the bran that it broke up readily in the grinding. The scouring pro- 
cess was tlierefore lessened, and was followed by brush machines, which brushed 
the dirt, loosened up and left by the scourer, from the berry. Other machines 
for removing the fuzzy and germ ends of the berry have also been introduced, 
and everything possible is done to free the grain from extraneous impurities 
before the process of reduction is commenced. In all the minor details of the 
mill there has been the same marked change, until the modern merchant mill of 
to-day no more resembles that of twenty-five years ago than does the modem 
cotton mill the old-fashioned distaff. The change has extended into the winter 
wheat sections, and no mill in the United States can hope to hold its place in the 
market unless it is provided with the many improvements in machinery and 
processes which have resulted from the experiments begun in this dty only ten 
years since, and which have made the name of Minneapolis and the products of 
her many mills famous throughout the world. The relative merits of the flour 
made by the new process and the old has been warmly discussed, but the general 
▼erdict of the great body of consumers is that tiie patent or new process flour is 
better in every way for bread making purposes, being clearer, whiter, more 
evenly granulated and possessing more strength. Careful chemical analysis haa 
confirmed this. As between winter and spring wheat flours made by the new 
process and graudual reduction systems, it may be remarked that the fMtner 
contain more starch and are whiter in color, while the latter, having more glu- 
ten, excel in strength. In milling all varieties of wheat, whether winter or 
spring, the new processes are in every way superior to the old, and in aiding 
their Inception and development the millers of Minneapolis have conferred a 
lasting benefit on the country. 
Minneapolis, Minn., Dec. 1, 18S0. 

THE MILLING STRUCTURES AND MACHINERY, 

Idr, Johnson added the following, showing the present status of the milling 
industry in Minneapolis : 

The description of the process of the manufacture of flour, so well given by 
Ifr. Hoppin, conveys no idea of the extent and magnitude of the milling struct- 
ures, madiinery and buildings employed in the business. Many of the leading 
nUUers and millwrights have personally visited and studied the best mills in 
England, France, Hungary and Germany, apd are as familiar with their theory, 
methods and construction as of their own, and no expense or labor has been 
spared in introducing the most approved features of the improvements in the 
foreign mills. Experimenting Is constantly going on, and the path behind the 
attccessful millers is strewn with the wrecks of failures. A very large proper- 
tion of the machinery is imported, though the American machinMts are fast out- 
stripping their European rivals in the quali^ and efficiency of the machinery 
needed for the new mills constantly croing up. 

There are twenty .eight of these nulls now constmcted and at work, operating 
aa equivalent of 412 runs of stone, consuming over sixteen million bushels of 
wheat and manufacturing over three million barrels of flour annually. Their 
capacities range fh>m 2&0 to 1,500 barrels of flonr per day. Great as these 
capacities are, there is now one in process of construction, the FUlsbunr A milU 
which at the beginning of the harvest of 1881 will have a capacity of 4,0i bar- 
rels daily. The Washburn A mill, whose capacity is now 1,600 barrels, is being 
enlarged to make 8,600 barrels a day, and the Crown Roller mill, owned by 
Christian Bros. A Co., is also being enlarged to produce 3,000 barrels a day. 
The largest mill in Europe has a dally capacity of but 2,800 barrels, and no 
European mill Is fitted with the exquisite perfection of machinery and apparatus 
to be found in the mills of this city. The following gives tlie wheat and com 
crop of the yariova states and territories, at returned by the census of 1880. 
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Wbeat. Cora. 

Maine e».7M 9eO,fi» 

New HAmpshire 100^6 1,358,62& 

VermoDt 8S7,25r 2»022,0I5 

HMsachusettii 1MI8 1,805,295 

BhodelBland 290 372,987 

Connecticttt 38,742 1,924,794 

New England Sutes 1,227,137 8,444,32» 

New York Il,58«,7lt4 98,716,912 

New Jersey 1.901.730 11.247.402 

Penn«ylvanU 19.462,405 47.970,987 

Delaware 5.175.182 2,892,464 

Maryland 8,004.484 16,202.521 

District Columbia 6,402 29,750 

Middle SUtes 42,136,966 106,060.037 

Virginia 7,822,354 29,102,721 

West Virginia 4,902,017 14,233,799 

North Carolina 3.385,670 27,950.894 

South Carolina 952.330 11,754,319 

Georgia 3,158,335 23.190,472 

Florida 513 3.174,234 

Alabama 1,529,683 ^,446.413 

Mississippi 218,890 21,S40,800 

Louisiana 5,044 9,878,024 

Texas 2,565,652 28.846,073 

Arkansas 1.252,181 23,666.(37 

Kentucky 11,355,340 73,9n,829 

Tennessee 7,331,480 62,833,017 

Southern States 43,579,489 855,413,682 

Ohio 46,014,869 112,681.046 

Indiana 47,288,989 117.121,915 

Illinois .*. 51,136,455 327,796,805 

Michigan 35,537,097 36,844,229 

Iowa 31,177,225 276,093,295 

Wisconsin 24.884,689 85,991,464 

Minnesota 34,625,657 14,979,744 

Missouri 24,971.727 203,464,620 

Kansas 17,324,141 106,791,482 

Nebraska 18,846,742 65,785,572 

Ten Western States 826,807,591 1,297,550,962 

Colorado 1,475,550 455,988 

CaUfornia 28,787,132 2,050,007 

Oregon 7,486,492 127,675 

Nevada 70,404 12,891 

Dakota 8,018,354 2,078,089 

Montana 469,688 6,794 

Wyoming 4,762 65 

Idaho 540,564 16,408 

Utah 1,167,268 164,244 

New Mexico 708,788 660,954 

Arizona 189,527 86,246 

Washington 1,921,382 89,906 

Pacific States and Territories 45,830,920 5,688,207 

Total for United States 459,591,105 1,773,106,576 



Messrs. White A Allen of Chicago hare prepared the following table, showing 
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the arerage annual yield of wheat in tlie principal producing countries of the 
world: 

Coontries. Bushels. 

United States ••• 400,000,000 

France 290,000.000 

Bussia 280.000,000 

Germany 125,0('0,000 

Spain 119,000,000 

Italy 111,000,000 

Canada • 17,000,000 

Egypt 17,000,000 

Boumania 34,000,000 

Austria-Hungary 105.000,000 

Great Britain 104,000,000 

Turkey in Europe 43,000,000 

Belgium 24,000,000 

Algiers 26,000,000 

Australia 18,000,000 

Among the above countries, the United States, Anstria-Hungary, Turkey. 
Australia, Canada, Algiers and E^^ypt have a surplus for cxpon. France, Ger- 
many and Spain, in an average year, raise sumcient for home consumption. 
Great Britain usually imports about 100,000,000 bushels. The wheat crop of the 
United Kingdom has* decreased nearly 1,600,000 acres, or one-fourth of its area, 
within the past ten years. In 1880, Australia had about 280,00 J acres Kown to 
wheat, being twice tne area sown some years ago, and France had sown in wheat 
about 17,dOO,000 acres. 



The native country of wheat has generally been snpposed to be the central 
portion of Asia; but a discovery was made by M. Fabre, of Agde, in the south 
of France, that a grass found near the Mediterranean Sea, caUed by botanists 
Aegilopi avcUOt becomes by cultivation transformed into wheat. Although this 
possible transformation had been suggested by other botanists, it was received 
with doubt until confirmed by subsequent experiments. From seed of the 
Aegilopi ovaUtt sown in 1838, M. Fabre obtained wheat of f:ur quality in 1846. 
The experiment was repeated by Prof. Buckman, of the R«yal Agricultural 
College. The identity of Aegilopa ovata with the leading cultivated forms- of 
TrUicum is now considered lully established. 

This plant when covered with snow will endure very severe winters, yet in 
order to its successful cultivation it reauires a mean temperature of not less than 
fifty-five degrees, for about three montihs of the year ; and although very hardy 
during its youth, it becomes much more susceptible to climatic influences as it 
advances in growth. Dry weather and sunshine from eating time to harvest are 
prereqoiflites to a good crop. 



Belt Transmission. 

Of all guess work, there is none more unreliable than that of computing the 
power transmitted by the width of belt. First, the kind, quality and condition 
of the belt is to be considered ; then the size, distance and position of pulley ; 
whether their snrfitces are wood, metal, or covered with leather; whether one is 
moch larger than the other, and whether the belt is running vertically, horizon- 
tally, open or crossed ; or, what is worse, is running edge up, on pulleys on ver- 
ticid shafts; whether it is tight or loose; whether it is made of leather or other 
material, also whether single or double. In testing with lever dynanometer, the 
tipeed of belt is determined. A single leather belt, under ordinary conditions, 
ronniog 1.000 feet per minute, will transmit a h. p. for each inch of width, but 
tho matter ii one of the greatest uoertainty. 
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Notes on Water Flow, &c. 
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Water, like all otner bodies when in motion, dislikes to change the direction of 
that motion and this resistance to chanp^e increases with the sqaare of its Telocity. 
For instance, to turn a quarter circle w a pipe which is bent on a circle of ten 
times its own diameter, requires additional force or "head**; when the water 
mures but one foot per second : tUis additional head is but the one-thousandth of 
a foot, but at a velocity often feet per second the resistance is <ine-tench of a foot 
head (100 timrs as much), this is an easier bend than is generally found in null 
work ; when the circle is 2^ times the diameter of the pipe this resistance is double ; 
and here begins the heavier resistance, for from this to turning a square comer 
it has increased to 16 times that tirst noted ; and as will be easily seen, in the case 
of short turns with high velocity, destroys much of its power. 

One of the c<»mmone8t and easiest turns which we nee given to water is in the 
scroll of an ordinary wooden wheel. Supposing this scroll to be 72 inches in diam- 
eter with a 12-in« h spout leading to it ; tnat is, the diameter of the scrnU is 6 times 
that of the spout and the velocity of water 25 feet per S('cond(=10 feet head) . To 
maintain this velocity requires an additional head of 2| feet, but as this loss is 
hidden by the reduced velocity of the water caused by its impact on the buckets, 
and also rapidly growM less with its reduced velocity as shown in the first part of 
the note, it is very generally ignored and sometimes denied altogether. 

Note Ssoond. 

As a corollary of note 1st we see that as an abrupt change of direction requires 
power to overcome, the less we have of it in the chutes which admit water to the 
wheel, the better, as anv f irce expended here Is so much taken from the amount 
which can reach the wneel; while changing the direction of the water by the 
form of the wheel itself, is applying this force where it does its wbrk. 

Nora Thibd. 

Lots of head firom insufficient conduit. Water wheel builders lay great stress on 
this and generally give rather exasrgerated views. The error is on the safe side, 
and when practioible it is well to follow their suggestions. It sometimes becomes 
necessary, however, to use trimks for supplying wheels which from original con- 
struction or want of room have less size than would be desired. It therefore 
becomes necessary to know what this loss is. Here comes the mooted question, 
whether this loss is that due to the head necessary to prodnce the required veloc- 
ity or onlv that necessary to maintain this yelodty in tne conduit. Without enter- 
ingriiito tne arguments on the subject, some of which are rather more curious 
than useful, it is sufficient to say that but little if any loss is found to exi^t, except 
that due to the frictioual resistance of the condnit, and this is measiurable. 

The foUowinur table, abridsed firom *' Beardman's Manual of Hydrology," 
oovers most of the cases required in ordinary practice. 

Table of slope or fall in feet, and cubic feet discharged by pipe running ftilL 
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51 
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102 


196 


166 


243 


192 


392 


810 


18 


160 


282 


226 


899 


800 


628 


452 


798 


24 


184 


680 


261 


820 


845 


1.085 


622 


1.640 


80 


206 


1.013 


292 


1.482 


386 


1.895 


684 


2.864 


86 


226 


1.598 


819 


2.259 


428 


2.989 


638 


4.518 


42 


244 


2.850 


846 


8.321 


457 


4.895 


690 


6.648 


48 


261 


8.281 


860 


4.637 


488 


6.137 


738 


9.274 


64 


876 


4.403 


891 


6.223 


618 


8.287 


782 


12.446 


60 


291 


6.781 


412 


8.100 


646 


10.720 


824 


16.200 



From this table the mill owner can find what he can do with difibrent sized 
conduits; making these square instead of round would be an ample allowance ia 
aiae for roughness or irregularity of construction. 

G, W. Fbabsovs, C, X. 



Paper Manufacture. 



Like the ordinary historian, I might draw npon my imagination for my facts » 
and give time and place where the first idea of paper was conceired, but the 
reader will be quite as well informed if the truth is giyen instead; and that is, 
that I do not know anything about it. It is evident, however, that it must have 
been centuries upon centuries ago. Writing would necessitate paper or a sub- 
stitute. Writing, from the nature of the case, must have been understood before 
the commencement of history, for, without writing, there could have been no 
recofd. A mark was placed upon Cain for the purpose of warning those he 
might meet that he was not to be molested. The statement plainly hmplies that 
such mark or writing was generally understood, or it would have been uselesB ; 
and it furnishes a plausible pretext for the Irish historian's genealogical tree 
springing from an Irish root, with Adam placed high among the branches, and 
the statement that the Irish had a written language at the time of Adam, all of 
which may be true ; but if Old Israel was the son of an Irish emigrant, it would 
be an interesting study for the scientist to trace out the cause of such a radical 
change in the form of the nose. Evidence bearing upon that point might be 
difficult to find; but such would hardly be the case about paper, for the word is 
derived from that of papyrus, and papyrus was paper essentially the same as 
the paper of to-day, though crude and coarse, perhaps, in comparison with the 
best now made : the interior part of a reed or flag indigenous to Egypt, and 
places where papyrus was knovm. 

Its preparation for use was similar to that of paper. The part of the reed to 
be used was selected; it was then sized or glued, then subjected to heavy 
pressure. Sheets of any size desired could be made, as is proved by the fact 
that it was carried or kept in rolls. Yellum, often mentioned In connection with 
the early manuscript copies of Scripture and the printing of the first books, was 
white, finely prepared calf-skin. The object of this article, however, is more for 
the purpose of briefly describing the manufacture of paper now than to treat of 
its use in the past. 

Until within a generation past, paper, or the finer qualities of paper, has l^een 
produced from rags, and the pulp has been worked into sheets by hand. Forms 
or sieves of the size of sheets required were used to take up the pulp ; as the 
water drained out, the sheet formed, and when dried it was pressed. John Ames , 
of Springfield, Mass., now living, invented the cylinder paper machine, which is 
still in use in some miUs where a cheap grade of paper is made. The Fourdri- 
nier improvement has since been added. 

Paper is in such demand now that constant investigation is going on for the 
purpose of discovering new fibre suitable for the purpose. Many kinds of stock 
are now used : nurs, ground wood pulp, wood pulp chemically prepared, waste 
of many kinds, old rope, hemp, manila, fishing lines, jute, jute butts, straw, etc. 
Clay of various kinds is used, but by a neighboring manufacturer the individual 
does not do so. 



Bleach Boiler. 

Mmuifactwed by J>. f. Coghtin, Batyoke, MOu. 
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wa4 pment#d 10 my Bight that exceeded Aiiflfain^ of the kind my imagliudui 

II he eta ect rid of uiue of his conceit, ho wlll™t!o >ee much tlimt it ii dcilntbla 
loleam. The m«niifaclure i» caoducled b» follo"™: 

'J he run for Bne paper are first duilcd by runnlnB them throuith the Bae 
Duster. Tbfyare then cul iuto picccMwo or three inchci insrcaof eiteDl; 

lligd vcnicidly in a bench [n fronl, the edge of the (cylhe being from tier. Wllb 
tliia liiairument she cuts large handtuis of rags in varioua directiona, until the 
imus is reduced Into piecet tbe size required. 8he has to cut off buttons, hooka 
and eyes, aeami, hems, and everjlhiHB objei^tlonablc. ARer being cut, tha raea 
srE loited, and everything rejected that is likely lo injure (he quality of the 
paper. They are tJien Bgain dusted, and Iligii placed in the Bleach Boiler— • 

Gould's Improved Beating Engine. 

Manufactvrid by Uittyokt Hachint Co., ifilyoti, Mat: 




Raff Boffina. 

JTMn/bcturti br Uolyokt JfticAliu Ob. 




I beFng in 



uh] (W>m fifteen 1 



Lowly for tweWe houn, AttAnn being intnidiiCFd Ihrough th« hollow joiinujR; 
lie prfiAiHre of BteiuD beioir kept np to siictp pouodB uuiing the whole time- 
Til« 1> done to soften kod wS In the ^sinteRmtlon of the «?». .From the blench 



ki. In which Ibey ue t^en 



the lune ensliK. All the oanr thst csa bo nsed it Bpptled during tbe procMB 
of wBBbing, but the roll ia nat preaied dona so hard u it ie nliLle Eeatlne. The 
WHAhlng la CDDtiuued from four to cj^ht hours — unuuUy about tij., by which tline 
the nun here becoDlE sott, pulpy stuff, whlcb la then let dowa iuto the Draiiieri 
buttoma. Chloride of lime is &dded beie to bleach the 



between the beatlug artetriui: knivea and roll. Calorioe is here added to raTS 
the paper tbe dealred tint. Tbe mast is kept In tbe beaten unlil it la redno^ to 
the coDditlon required— uantUy about six bouri. Xbea it is dlBcbarged into Ibe 
"8(air Cheat" below. 

For » lonjt lime-^wrhaps a eentnry, more or leaa— there baa been little chMim 
in the general chareeler □[ Ibe beatluK enelne, eieept iocreiuie in aize. Becent^, 
attempts at improvement have been made, and now the Gould KofCinea are gldn- 
iaa tivar ftom their Itusreased producUreneu, sarlDg of labor and eTcn qiuullr 

Gould Beating Bngine. 

d bi, Bolyoke MacMni Co., Bolyott, Xau. 




Beater luS reTolc 



p X Keena tne nuiDin •■ 

do for Sm Mesan. fitanwood, Tower ft Co., at their paper mill 
m fbur ton mil], manUa paper, Jute aloek. Be^ular loeed at 
tlonl per minute, but dnriug a test trial of 13 hour 
.. ._...j ^» ._i.i. .1 ipereeptlble gain of 
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traaa whsela to ^le anghuiai 
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Sheet Super Calender, 

ired by Ifoigoke JfatAiiu Co., Jfoli/otf, Jfaei 




Theie puks u-e then taken to the Drying T.aA, si 

dried, the iheeU >re aent 10 the Bniihlng room, am 
nnder great preMure. The proecia la called calenc 

Ordlnmrj paper for writing or commercial purpose 
Flat Cap, 14 1 ITi; Foolwip, 13ilS; Letter, lOn 16 



Triuinilng Fret 



See CI 



Hi page. 



TrimminK PresB, or Paper Catter. 




Hydraulic Ptsbb. 

il»Mifiictyrtd bf <A« Boli/oke JfocXiw On.. BMteU. Jfau. 





After pnaaing, tlie pwlume tn boxed, rudy for deUrcty. 

A finw snde ol piper, mtd for wedding or tmcy cwdi, uid y»rloai porpoMi, 
la calendered In the iheet cmlender ; then placed belwecn met»1 plmtee, »nd puied 
becneen the roUa of the Lerer Pinter ; then cut Into iheeta the slie required, ud 
boxed for ihlpment. 

Bock paper, onen quite fine and nice, la of a aomeirhu Infeiii 
i/notgeneraJJj, mudeofniiiedaioi*: raga end wood pulp, *lied with i 
lu the belling eniiue, Initeed of with uiinwl glie in the piper awchine 

The proOTM In the piper machine »l the mmmenctmenl la the aune 
described, bat Inatead of being dividrd into aheela, it goea In the web 
the aliwk of Chilled Eolla, J, near the right end of the machine, wl 
what la called "machine finish." It la rcelfd or rolled, vi 
Bolh. K. 



ben dill 
is made 
raw, waateofTBrioi 
Cheap wrapping pa| 
The beat manlla pa 






ilendcred. (See < 
i red, by routing c 



■r grade of alock : r»ga, groi 
■nado of alraw, or eomelhlns chea| 



Web Super Calender. 




Tbe coat of m paper mill of caanc depends i 
exteot. The roogta ei llnulF or cotC for a oue-Iou 
to tlOO.DOO; larger capacity, in proportion. [A 
producing a ton ot pi^ier per day.] 
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Whiting: Paper Co., Holyoke, Mass., No. 1 Mill. 



4-Ton Mill, Fine 'Writing Paper. 

Following machinenr driven by tlie main wheel, whicli by test gare 180 h. p. 

2 1250 pound washing engines. 

2 1200 pound beating enirincs. 

2 800 pound beating engines. 

2 6 inch Littlefield pumps. 

1 Andrews pump. 

4 rag dusters : 2 rag boilers. 

1 Elevator, 2 boiler pumps. 1 engine lathe, 1 sheet calendar, 5 rolls, 1 small 
pump, 1 circular saw for box work. 
Ilnismng room wheel, 42.92 h. p. 

Drives 5-roll calendars, 2 platers. 5 ruling machines, 8 trimming presses, 1 
•levator, 1 grind stone. 

These two wheels do the work named, but 20 horse-power additional would be 
aoceptable on large wheel. 

Test by Emerson's Dynamometer* 

Experiment upon an 800 pound paper ensrine for rag stock ; furnished with 800 
pounds of bleached stock in the evening of March 26, 1875, at the Housaionio 
Mill of tiie Smith Paper Co. at Lee, Mass. The roll was 46 inches long by 40 
inches diameter Experiment began with a stock nearly finished, which was 
finished, discliarged and the engine replenished. 





Time. 


Bev. of 


Bev. of 


Weight. 


Horse 






P.M. 


Boll. 


Dynamom. 


Power. 






7.00 


118 


284 


165 


14.20 






7.30 


124 


294 


131 


13.45 






7.85 


124 


800 


135 


12 27 






7.45 


124 


288 


181 


13.17 






•9.30 


124 


274 


184 


16.27 






•9.36 


124 


274 


184 


15.27 




*Roll down and sto 
"Experiments upon 


ck half finished. 




a 300 pound paper ensrine for raflr stock 


I : furnished with 80(f 


pounds of bleached stock on the afternoon of March 24, 1875. at the Housatonio 


Mill of the Smith Paper Co., at Lee, Mass. The Roll wac 


1 33 inches long by 28 


inches in diameter. 






Time. 


Bev. of 


Bev. of 


Weight. 


Horse 






P. M. 


BoU. 


Dynamom*r 


Power. 






8.50 


131 


230 


28 


1.95 






4.00 


181 


230 


63 


4.39 






4.15 


148 


250 


57 


4.31 






4.20 


140 


260 


73 


5.75 






425 


152 


270 


49 


4.00 






6.00 


160 


291 


93 


8.20 






6.05 


150 


264 


93 


7.44 






6.80 


146 


257 


94 


7.31 






e.oo 


143 


250 


95 


7.19 






e.45 


140 


260 


104 


8.19 






7.00 


144 


252 


107 


8.17 






7.80 


149 


260 


118 


9.20 






8.00 


126 


220 


110 


7.93 






8.15 


133 


283 


122 


8.61 






8.80 


146 


255 


119 


9.19 






8.45 


149 


261 


105 


8.30 






9.00 


123 


216 


106 


e.84 






0.16 


137 


240 


104 


7.56 






9.80 


150 


264 


101 


8.08 






0.45 


187 


240 


101 


7.34 






10.15 


182 


232 


100 


7.08 






10.80 137 1 240 


26 


1.80 
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Bzperiment on a 62 inch paper w«i»iii«* maMng newt print from m^ itock. 
Tliis machine is ordimuriij run with % speed that will dekver the paper at the 
rate of 90 feet per minute ; bat during these experiments it delirerMi 61 teet per 
minute the first experiment and 78 feet per minute during the last experiment. 



Time. 


Hey. of 
Dynamom*r 


Weight. 


Horse 
Power. 


H. Power of 
Pump. 


T^le 
Power. 


400 
4.20 


200 
230 


101 
104 


6.12 
7.26 


2.78 
8.66 


8.90 
10.82 



The main line of shafting makes 108 reTolutions per minute when 90 feet of 
paper is delivered per minute. From this main line the agitator, the water 
pump and the shaker at the head of. the machine are driven a 'd are not included 
in the test by the Dynamometer; but are calculated from the speed and width of 
belts by which they are driven, on the theory that a belt 1 inch wide, running 
1000 feet per minute is a horse-power. 

The Shaker belt moves 600 feet and is 8 inches wide, equals 1800, 1 .80 

The Airitator belt moves 329 feet and is 4 inches wide, equals 1816. 1^ 
The Pump belt moves 2ftl feet and is 6 inches wide, equals U06, 1.50 



4JS 

But as this pump is sinj^e acting, only acting during one-half of Uie reTolu- 
Hon. I have called it two-thirds of the apparent power equals 1.00 h. p., and 
deduct Hah. p., then leavinyr 4.12 h. p. Ibr the pap«;r moving 90 feet per minute. 
Then bv simple proportion of 78 to 96 with paper moving 78 feet p«*r minute 
equals 8,66 hoi-ae power; with paper moving 61 net per minute equals 2.78 horse 
power. 

[ OqP¥*} I" M. Wbioht, C X. 



Holyoke Paper Co.« Holyoke. Mass. 

Tour 600 pound beating engines took the whole power of a wheel that by test 

Stve 80 horse-power ; even with that power care was required in fiimishing or 
ey would not run to speed ; after running so for some years, the Beater* were 
altered or put into better condition, so tliat the wheel now gives a large aurplaB 
of power. Aiill makes fine writing paper. 



Test of a 72-Ixioli Wheel and Maohinery, Fitoh* 

bargr» Mass. 



These experiments were made to determine power reauired to drive Beating- 
engines, 86.iiich rolls, paper and rag stock. Before testing the wheel, the speed 
of the main shaft was taken under different conditions to ascertain the power 
required to drive machinery at the following speeds, the water in the pond oeing 
one inch below the lowest part of the crest of the dam. 

IsT Trial.— 3 Engines beating, 1 washing, and all machinery attached. Speed 
of main shaft, 120 revolutions per minute. 49 h. p. 

2d Trial.— 2 Bngines beating, 2 washing, all machinery attached. Speed of 
main shaft, 146 revolutions perminuto, 40 h. p. 

So Trial.— 2 Engines beating, 2 washing, duster thrown off. Speed of main 
shaft, 160 revolutions per minut*-, 48.3 h. p. 

During the above trials th« head was about 14 feet. The dynamometer was 
then applied to the end of main shaft, and the power of the wheel, at nearly 
same speed, obtained. 

With the flunh-boards off, leaving 13 feet head, imder which the wheel 
designed to give 60 horse-power, its power would have been 43.16. 

No attempt was made to measure the water, it simply took the whole river. 

Capacity of Beater 450 pounds. 
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Paper and Shoemakinff Machinery. 



Bcport of ft test to determine the power required to run one of the Bag 
Bngines at Bacon's Paper Mill, in North Lawrence, Massachusetts. 

LowBLL, December 16» 1870 
•T. A» Baeoitt Esq. : 

DiAB Sib :— I have worked up careftilly the tests made yesterday with 
Smerson's Dynamometer, at your null in North Lawrence. When the engine 
roll made 145 revulntions per minute, the dial hand of the Dynamometer made 
8.8 revolutions per minute. I have estimated the speed of the roll, upon the sup- 
position that it yaried duiine the different tests in the same proportion as the 
•peed of the dial hand. I give the results obtained» in the order in which the 
tests were made. 



Number 

of 

Test. 



1 
2 
S 

4 
6 

e 

7 
8 


10 
11 
12 
18 
14 



CoHDinoir ov thb SNonri. 



No paper in 

Paper Deing put in . 
«t (t •• •« 

Washing paper. . . . 



«« 
i« 
<i 
ti 



•I 
.< 
II 



<i II ^ , , 

Beating pulp 

It <• ,,,,,,, 
11 II ^^ 

Brushing the paper 



Bevolutiona 


IIor«e-Power 


of Roll 


indicated 


per minute. 


by Dj namometer. 


137 


2.6 


149 


7.26 


141 


8.36 


153 


4. 


145 


4.08 


147 


4.41 


144 


4.57 


146 


6.19 


158 


6.2 


148 


4.71 


149 


5.08 


147 


6.02 


149 


6.08 


149 


8.0 



While the paper was being put in, the power indicated graduallv rose from 2.5 
1iorse-powerto*7. 2(1 horse-power. It stood at 7.26 horse^power for about three 
Bkinutes, after which it gradually fell to 8.36 horse-power. Fr m test 4 to test 8» 
the roll was mdnally set down harder and harder. At test No. 7, the roll was 
down as hara as is usual in making paper. At test No. 8, the roll was down 
hai^er than is eommoii. 

Very respectftilly yours, 

(Signed,) Ckanniho WHiTAKiit, 

Mechanical Engineer. 

Beport of a test to determine the power required to drive Shoemaking Machin* 
ery, at the State Prison, in Charlestown, Massachusetts. 

LowiLL, July 13th, 1871. 

Rodney 8» Toy, Etq., Treaturtr Tucker Mf*gCo,t £o»ton : 

Dbab Sir:— On the 13th Inst., I made a test with Emerson's small Dyna- 
mometer, of the power required to drive Mr. Blanchard's Shoemaklnir Machinery 
mt the State Prison, in Charlestown. In Mr. Blanchard's lower room there arp» 
besides the oounter-Bhaftin</, 12 sewing machines, 2 peggers. 2 skivers. 1 heel 
trimmer, 1 bottom roller, 1 buffer, 1 roller, 1 splitter. All of the machinery ia 
not in use at any one time. But making such allowance for this fact as seems to 
be fidr, there is required for driving the machinery and counter-shafting in this 
room, 4.9 horse-power. In Mr. Blanchard's upper room, there are, besides the 
counter-shafting, 2 brushes and 4 buffers. There is required, for driving the 
machinery and counter.8haAin]f in this room, 2.8 hone-power. Making a total 
of 7.2 horse-power used by Mr. Blanchard. 

Very respectfully yourt, 

Cbahxino Whitakir, 
(Signed,) Mechanical Engineer. 



4ao 



mill llMt took Moatkiaf vvtr 18 bona powar. 



Card SettinfT Machine. 

jraM/ac(v«l bt Samutl W. JCaU, Womttor, i 




holdi the leMhcr med forihe bs»e of eu4 do 

CDta Ihe wire, bends ii for Ihe teeth, piercea the holes, pluei il 
then ellnehes them IlKhll*. Few miwhinea no perfecUy dem 
dbillticg af toechulciil moTcmeati u Aaa Ihit; but, as an 

■epunile devices. Aside from the derice for cuttins aad bend 



to oblalnnmehlnronDtuloDiboulltseHrljIiielary, though hu n 

Influence upon llie leilile manufacture. Mr. Kent bae been vue 

mauufaclure of Che inachlne for nearlv a )ialf century. He m 

when he commenced, a lepinte mschlnc, worked b; hand [h. illtu 




make the teeth, froi 



nay Into genenil nse. 



nplets ma k 



Noble's Wool Comb. 

MvKafaetimd ^ John Cronley A Sani, i 




Th« production of wool lUid 

Scrhapi the oldetl, iDdiutir c& 
ir the golden flecco of Colch 



"Woolen Manufacture. 

lof&ctiue of w 



. The fabled Heirch bj Ju. 
highly priMd 



bj mu. fnid IhsBP are found everywhere, but hU domeiilc brerd" are derived 
fromtho A^atic virleCy, which wu developed from Che Hrnh, or btg horn of 
ainria. Oriknnlly.^were covered with long h&ir, and wool benealhl the hair 
liH been bred out, but appoin when the anGnal i> negleelcd. The merino i* 



ibouiand yean 

" iheep. The 

re-jhangl 

, y , s -' 1 jhsncing 

Secki. Huu, the word brlsfi down tin pioceu by vblcb 



je choice nature of chli iheep. The Rpknleb noun 

ludgeor Inipeetor of the IraniAuiKaiue (putnre'ChanBrlng] Socka. Me- 
.e adJecUTe, meaiii wmiderlng or the paaEure'chkii^iig and beat choien 
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felected, «Dd also by which they were nuuuiged and developed. It is the treas- 
ury of flDe fibre for all varieties, and was Inirodaccd here in 1801-12. The Saxon, 
the finest variety-, is too delicate for common use. Merino furnishes the best 
clothing or card wool and the fine or soft combing varieties. Leicester devel- 
oped by Bakewell in the eighteenth century, Cotswold and similar coarse, long, 
bright ISnglish varieties jrield the lustrous worsted. The mauchamp, a variation 
fh>m pure merino in France half a century since, has a lustrous fibre almost 
equal to the silky Cashmere goat. Carpet wools are long, rough and coarse, 
generally from South America, East India and the Mediterranean. The great 
pastoral districts for the merino and its crossing are now AustraHasia, Biver La 
rlata and Cape of Good liope. These lands produced last year nearly 6OO,00O,- 
000 pounds m the grease, or SB8,0uo,00O of pure wool. California produces 
larcely for us, rather more than 60,000,000 grease pounds. The manufacture 
falls into two great divisions. First, woolens, which are carded and generally 
felted; second, worsteds, named from a village near Norwich, £ng., which are 
combed, the lustre of the wool preserved, and are finished without feline. 

Christopher Columbus was the son of a wool comber. But it is probable that 
the combing of wool at that time was but a simple process of carding or getting 
the wool ready for twisting into yam upon the rude hand machines of that day. 
It has been the work of later years to perfect the art of wool combing or the 
separating of the lone worsted fibres or nairs of the wool from the short down, 
or noils, as the como^ng waste is now called. The wool of commerce is now 
divided into three distiiict classes— clothing wools, worsted or combing wools 
and coarse or carpet wools. 

In order to ftiUy understand the difibrence between the ordinary old-&shioned 
woolen goods and the more modem worsted fabrics, turn for a moment to the 
yam from which each is woven. Place a bit of ordinary woolen yam under a 
microscope, after untwisting it. Tou observe that the yam was made up of 
numerous minute fibres, running in every direction, interlaced, hooked and 
curled together in such a snarl that it would not be possible to tell in what 
direction a majority of the fibres run. Give a little twist to the snarl and it is 
ordinary yam again. Put a bit of worsted yam under the glass, after taking 
out the twist in the same manner as before. You now obsitrve that the hairs or 
fibres all run in the same direction ; that they are all nearly straight or much 
more so than those of the ordinary yam ; that each fibre presents, instead of 
a downy appearance, almost a transparent lustre. 

Until witmn a few years the separating of the worsted fibres lh>m the short 
wool or noils was all done by hand, and a very tedious and unsatisfactory pro- 
cess it was; but by the more recent invention of very curious and almost life- 
like machines, an illustration of one of which may be seen at the head of this 
article, this separation or combinar has reached such a stage of perfection as 
to have greatly increased the demand for and consumption of goods made 
of wool. The prices of goods of the finest texture and most beautifmlustre have 
been reduced to within the reach of people of moderate means. 

OKDIKABY WOOLEN MANUTACTUBING 

Is carried on in mills with machinery classed as" sets/* the cost of which at 
this time are about $8,000 each. A mill building 50 x 160 feet, with four stories 
and an attic, gives room for ten ** sets," though this does not include room for 
sorting, washing, drying, dyeing, picking, and boiler for heating. Such a mill 
driven by water-power would cost somewhere about $160,000, or $16,000 per set, 
var3ring somewhat, according to the conditions, cost of land, dam, &e. 

Sets are based upon the number of cards used. These cards are of rarions 
lengths, but those of 48-inch are used most now. 

XACKINEB HEOISSABT TO XAKX X7P ▲ SET Or WOOUIK XACHIiniBT. 

Wool and Waste Duster answer for six sets. 
Wool Mixing Picker answers for six sets. 
» Cards— three per set : first and second Breaker and Finisher. 
Mule — four hundred spindles per set. 

Spoolers— two per set. '^ 

Dresser, Reel and Beamer answer for six sets. 
Looms — ^flve broad or ten narrow per set. 
Fulling Mill— two per set. 
Washer answers for eight sets. 
Hydro Extractor answers for six sets. 
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LfiKtnre la condncted In the follovlnsf nuojier ; Hie wool mnat be 
ill of ItiB be*l kiDd ue_Kpanted Into lorts, lecludckily called pUJlloiJu', 



•A with reference to 

wool* of Uie be« kind .., , , , 

prtnu, choiet and lupir. The Bnt niuoed la the matt aniieiiDr, uid the othen 

"Wool and Waste Duster. 

Mamt/acturtd by Davli -t I^btr, Xiirik JjiOonr, Matt, 




follow Id the order of their gndulon to the hut, which is the moit InfMor in 
qnall^. Inforior wools are nonfdlta*>d«iBnrlffhtii,»ict>MUiabbtlivtry9Jidihort 
coartt. Stcondt it wool ctowd outhe throat and breast, and Akpu, that grown 
■bont the belly of the aSmal. Abb it an Inferior kind of Hcondi, and titort 
eaartt it *1m> derired ttom the breaet. Tlila operation la pcrfonned bj hud 
■nd bT ikiUed aortert. It b tkea scoured with a weak aqueous aoiation of alkali. 
then tboroUKhl; riUMd in piire water aoil dried. It then goes to the dre-Tati 
and i* eolored or "dred in Ibe wool " ; then oiled, lo preienl matting or leltinsi 
then goci to the Ftekn-. wbkh prepare* it for cardioir. 

Wool canllDiit bvjnachinerjr waa Bm accompUahedat Weat lUdlDa:. H 
~ ' ' ' ut tm. John and Arthur Scbolfleld, from that viduit} 



muKhl; riUMd in pure water aoil dried. It then 

ilored or "dyed in (he wool " ; then oiled, lo i 

" ~ it for cirdidg. 

. «compUahed^at Weat ffiding. yorkahire. 

and Arthur Scbolfleld, frvm that viduity, isme to 
tUa country In 1193 and, > year later, rommeDced to card wool by nucblnety la 
■ inUlMBjScId, IKar Newburyport, MaH. At that Mma. Uld,ln &ct, foimany 
jesr* later, each fannn m the New England Statea kept a anlBcieDt number of* 
■heep to nipply hia fUnily with clolhloK, and a spiniilDti-wheel and loom were to 
tw foond In each bunlly; indeed, were often a part of the ootflt of danghtera, 
wben thy were marrinl, inAtead of the piHi», now nqnlred. There an mar 
now IlTlng that can well rememberthc proceaaof carding wool by hand, andfrinn 
tbattba practice of irod lug the (Orally anpply of wool to the carding mlUa, where 
It mu carded, and left In rolls about two feet In length to be ipun upon Ibe ohl 
■plikBin(>irbMl* bytlit tumen' wirea, daugbten, di tlie "Uiedgirl.'' In lh< 
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"Wool Mixing Pickar. 




-go cjbnder. Sndl 
iig-wheclt, Eu[ Ihc prwliit'iion of Ifas 



la Ihe <: 



i:Vi .■.'Cf'ir'klfcKnt*! 






'judi»a luTe 






tolKDI 



iRsrcnt plan 

-- KCf^oiiipUfOj th. r„.,, 

III' '111 i'iii>i^ cif ana cyUnden, konvti u "ord. elothiuB," eoasi-it or «tn 
)i, I.I -ijir:>b1i' fona, »t inn bue of ]i>>thcror im equivulcul, iuikJi' In iniuit' 
ri'- 111" liiL.iiufn, ID « to lOPOt tiiB wnnW of eirJers at fvery riirieiv of woof- 

fijT hri:il<|ir curd ])«< clothing mwlewilli (^OHTH wire; the H'ci '' * 
Bill r: [hi' fluiaher card Otc anoM. From this ohh), [ho wooli" < 
,ri..)i. .'oiitiiiuooa H>n cord-llk« rolla retdy foTipinning. The »do 
mil -iiri.Lil uiionafepd-sprontntheBr-thredKrcaid. Tholichet 

iIli' iji.kiii ryliuder, vliprs It {k workod by T«ioiiri derlfWR: thf>ii, Uv what ta 
•d rli- \iii.ij-lj- ftcd, ills Wktn rotbosedood bi — ' — — -*' "'"" 

olheMolo. 

muhloe llial would hi 



■f eict[«l from the 



,:.. 1,..~ „ iu.i I'WiBP, no ioiprorrd Mnlrntlon ipced nii 
-iiiiiiiliig «iitp or other T«ru niiiUrliw miirli twtat. uiij Is 
;; ..II kip5aof.toefc,»pd grade, of j-nni. •' ^ ■ 

■'■----' -■ ----'■- ^{fye BlhlUt^ 



irrii^ when running out. whether tur long draft vSffl 
._, „ ... , ,. .. ., ,.. HB-^J 



oil! 

■It drawfoff M All. whereby mueh time and labif 
lau Hoiilil ue required ro ebsDRe Hcrolle." 

Ueura. Johnsau & BaoscH muke mule bulldina: ■ speciilyF. Tb< 
■uanlly hive four hundred tplndlei each, or enough for o not oicb, 

tbs yam from Ihe bnbUiiia on to jnck or drcnwr <ipoal< for formine vn . 

ami alia tut duubUng two or more threads togoun^r, the twiit btifi^ put SAi 




Dead Spindle Spooler and Bobbin Stand. 

Id bg Dati* ± Furier, Sorts Aivlattr, Kau. 




le J»ek. A DrMMr, lUf 1 tui Beumr are next rcqnlred, la ordm to get tlM 

un on beams for neivlng. 

Dreeaer, Reel and Beamer. 



Jfinut/bctNKd bit DanH A FurUr, SortK 




From the beBmer, il goer lo the Loom. For plain goodn, the ordlnur cam 
loom !■ auffldeftl, hut Ibp cnmpEtllion far rapcriorityol bI^Ich ncwMllalei looms 
capilble or produdoK new pattcmi u will. This want srrms lo have been met 
liy the production dI thp Itaowlen' Chain Loom, In which from two lo forty 
luunesHi tuu] seven shuttles may be nied, and of course cspahie of weeTlas 
an almost endless rarirlf of stjlei, fmm rl^n lo the most elaborate of patlern*. 
The lUaitrallon anneied shon-i oar at Iheir luoms. with anfleDicth of pattern 

Tetiient u to he likely to supemeJc Ibe ordinary cam looms in ftituie, though 



Tventr-fiv« Harness, Open Shed, Fancy I<ooni. 

MaMO^ciand by Z. J. XimhIh 4 MvtAer, Worct^tr, Matt. 




Fron the loom, th« ftbriegoe* to ths PulUiig MiU. where It it fulled. It Di€b 



Rotary Fulling Mill. 

IfannfaOimd by S. Bunt Machtnt Co., Ora»g4, JUtu. 




19 aoiped, aconred lod riiued. II (hen 



Cloth "Washer. 

nil bg R. JTunt MacMnt Co., Orangt, Hat: 




Hydro-Sxtraotor. 

MaKUfartareii hy tM Clmland JfarAhu Ob., Worefltr, JfoM. 




1 



icc«H. In this gig Uk 

Quadruple Acting Gig. 

Manyfaciartd by Parti <t roolMa, Spr1na)Uld, 71, 




ile pairinB throngli thi 





JAUE8 DUODALE, Lawnj,, Uiss. 

/tear EIr: I think joa huTC bean fnpaged for & 

on liutmmeiiU or devlcei ■nbBluniiUy the ttmc u I 
CDinldng Bu, Rul tbtl yoa now cgmb by nuicbliury oi 

and cflldeocy at the twoplaDe, uul abLlEe, 

' Youn. truly. 



JAMES EMERSON, Willihahsett, 

Diar Sir: In reply to your leltEr of 2Iil Iw 
for camblng wool by huid wu goTeraed by the 
JHS-M, the prlcM ptiU in LdheI] wu IT centi |.<: 

kbout twelve allien weighing one pound. The Hr 
Combing Micbinery li very high; eoniequenlly. 
StUl, the Meniere con is ibout Btb centi per r - - 
•liTf r welgUng ftom twelte lo ^teea pauoda. 

Beapcctfully yonn. 



LowKLL, Mil*., Hmy 25, ISSl. 
ly— The price p»ld 



itllty and length of staple, tn 

=r pound for medium qniUly. 

poundi perdftT-^ 

e Improred Wool 

liid, with Ibe BdTH 



>epl» 






JAUEB DUODALE. 
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Q^rmania Mills, Holyoke, Mass. 



Test of machinerj with Xmcnon't Portable DTiiaiiionieter. 
bj A. M. Svrain. 

WBATS BOOM. 



Tables prepared 



DBSOBIPnoV OF XACBOnBT. 



Shaik 186 feet long, 150 rerolations. 21 
Broad Crompton I^ms driyen from the 
line. An average of 10 looms were prob- 
ably in operation* Counted them in 
rapid fuooeseion oyer and orer again. 
The least number in operation was 6 at 
one time. The most was 15 ; 0, 10 and 11 
was the usual count. 

Good»» heary doeskin and easslmeres, 
76 inches wide, 56 picka to the inch, 26 
ounces to the yard, in a portion of the 
Looms. 

April 12, 1873. 



Tin. 


W'OBT. 


■FSBD. 


▲. X. 






6.20 


52 


190 


6.30 


55 


182 


6.45 


55 


192 


7. 


50 


190 


7.15 


60 


190 


7.30 


63 


190 


745 


54 


190 


8. 


60 


188 


8.15 


55 


188 


8.45 


50 


192 


0. 


60 


192 


0.15 


60 


192 


9.80 


86 


192 


10 30 


80 


190 


10.35 


60 


192 


10.36 


65 


193 


11.40 


15 


102 


12.15 


651 


188 



H. F. 



2.99 
8.0S 
8.19 
2.87 
3.45 
8.05 
8.10 
3.41 
8.13 
2.90 
8.49 
8.49 
5. 

4.60 
8.49 
8.80 
.87 
2.90 



TB8TS IB FICXIBO AND SBTIBQ B00X8. 



SB8CBIPTZOB OF BACHIMBBT. 


TIXB. 


W'OHT. 


SFBBD. 


B.F. 


2 Fans, 8 vanes each, 


P.M. 

12.15 


soils. 


180 


4.86 


2 Fans, 8 vanes, 2 Fans, 6 vanes, 




122\ 


180 


6.68 


4 Fans, 1 Sargent's Burr Picker, 


1.30 


230 


181 


12.61 


4 Fans, 1 Sargent's Burr Picker, 


1.45 


222 


180 


12.11 


4 Fans, 1 Sargent's Burr Picker, 


2. 


230 


180 


12.54 


4 Fans, 1 Burr, 1 Kellocrg Picker, 


2.05 


Belt 


SU^^ed 




1 Sargent's Burr, 2 Kellogg Pickers, 


2.30 


180 


0.76 


1 Sargent's Burr, 2 Kellogg Pickers, 


2.45 


180 


179 


9.76 


4 Fans, 1 Burr, 2 Kellogi;, 


3. 


290 


178 


15.64 


4 Fans, 1 Burr, 2 Kellogg, 


3.15 


295 


178 


15.91 


4 Fans, 1 Burr, 


3.45 


231 


178 


12.46 


IBurr, 


4. 


125 


180 


6.81 


1 Burr, 4 Fan«, 


4.15 


235 


179 


12.T4 


1 Burr, 4 Fans, 


4.25 


234 


180 


12.76 


2 Kellogg Pickers, 


5. 


65 


182 


3.58 


1 Kellogg Picker, large, 


6.05 


40 


181 


2.19 


1 Kello»?g Picker, small. 


5.10 


30 


181 


1.64 


Counter Shaft and loose Pulleys for 










above machinery. 




25 


180 


1JS6 


April 9, 1873. 
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Steam Enerine. 



New» made by Brown of Fitchburg, Mass. 18-inch cylinder, 42-inch stroke^ 
rated 75 horse-power with 60 pounds of steam ; tested by Prony brake, steam 

Sressore ranging from 65 to 70 pounds daring the trial; the power yaried from 
} to 65 h. p. according to pressure. 



Putnam Machine Co. Engine. 



New 16.inch cylinder, S-feet stroke, guaranteed to giye 60 h. p. with 60 
pounds of steam; tested by Frony brake; gaye 44 h. p. with 65 to 70 pounds 
steam. 8ach has been my general experience, and I doubt whether a steam- 
engine can be found that realizes more than 3-4 of its claimed rate. Indicator 
oaras may give the pressure in cylinder, but the only way to get the efficiency of 
an enginB is to take It from shaft. 



Oompound Bngine. 



Steam working first in a 6-inch cylinder, from that into one of 12 inches, 20 h. 
p. was claimed; dynamometer on shaft showed 7. Then it was found that the 
most of the force was used in working the engine. 



Power Required to Drive Woolen Machinery. 

Thi Poiwsb required to drive sets of woolen machinery depends upon the 
quality of goods and number of sets in a mill ; the more sets the less power in 
proportion is required. I have tested the power used at many mills, but a few 
eases wUl show th« general average. 

Vabsilbobo Woouen Mills, Vasislbobo, Mb. 22-set mill, light catsi- 
meres ; required, 185 horse-power. 

Wm. Walkbb a Co., Lowbll, Mam. 4-set mill, flannels; required or used, 
80 horse-power. 

Jaxbs O. iKXAir, PASCOAe, B. I. fleayy doeskin, pant goods, 4 sets; nied, 
40 horse-power. 

Bbbbb, Wbbbxb ft Co., HoLTOKB, Mass* Pant goods, eight sets; 04 horse* 
power. 



Power Required to Drive Qlevators. 

These elerators were in Boston stores, the belts when not at work nxnning on 
loose pulleys. To operate the first kind tried, without load, when running at the 
common speed, 1.80 horse power. With a load of 1006 pounds, 3.92 horse power. 

The second was a Tuft's eleyator, running at the same speed as the first, with- 
out load, 2.46 horse power. With a load of 1004 pounds, required 6.29 horse 
power. 

Hydro-Extractor. 



Extractors start hard unless started very slowly, but lose their resistance 
insuntly ; three-fourihs of a horse power would be a liberal average for such as 
I have tested, though from one to two horse power may be expended for a 
moment, if started hastUy. 
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Cotton Manufacture. 



Th« Buunilkctim of o<»ttoii goodi, now so enormous inmumtity- and 8o raried 
in multiplicity of umSi is of oomparativehr recent date. The fibre was first intro- 
duced in England about 1640; a century latter, or in 1741, but l,lfl0.000 pounds 
were used there— a quantity that would but partially have loaded a single ship 
of that period, or a freight train of to-day. The invention of the spinning frame, 
by Ajkwright, in 176^-7 1; the spinning jenny, by Haregrave, about Uie same 
time, and the combinatiou of the two by Crompton, thus forming the mule, 

faye the first great impetus to the business, which was enormouuy increased 
y Sli Whitney's inyention of the cotton gin, and of the card setting machine 
by Amos Whittemore, both Massachusetts men. The really puccessftil power- 
loom seems to have been Inyented by the Rev. Edmund Cartwright of England. 
Fear that such machinery would render their employment unnecessary, caused 
the working class to gather in mobs, and destrov it, so that, as late as 1818 it 
was supposed that there were only about 2400 power-looms in use in all 
England. The war of 1812 with that country made it more necessary to manu- 
facture cotton ffoods in this country, and it was done in several of the states, bat 
with what would now be considered a ludicrous division of labor, as the spin- 
ning was done with water or horse-power, then distributed among the farmers' 
fanulies, and there woven in hand-looms. Power-looms were tned in vaiions 
places, but without being able to compete with hand-looms. Probably the first 
mill ever constructed for taking in raw cotton, and turning it out as finished 
cloth, was completed in Waltham, Mass.,- in 1813. This baa 1700' spindles, and 
all the other machinery necessary for the purpose named. The enterprise 
proved successful, and another and larger mill, having 8684 spindles, was 
soon added to the first. [See Lowell water-power rate.J From snch benn- 
nings have srown the immense cotton manufactures of the country. 8iz milnon 
one hundred thousand bales of cotton were raised in this country the past year. 
Spinning is the heavy work of the business, and upon the spindle is basea the 
estimates of cost, value, capacity and power required for the mill. Circum- 
stances in each case, of course, affect such estimates. Suppose a new mill to be 
constructed where a dam and canal are ready to take the water for power, the 
cost for race, wheel-pit, mill and machinery would be estimated, under fiivorable 
circumstances, at about $14.fiO per spindle. Sixteen dollars per spindle at this 
time should fit up such a mill with machinery of the most perfect kind. If 
canal, dam and boarding houses were to be added, the cost would probably lie $20 
per spindle. At Fall River, where steam is used for power, the estimate at Uiis 
time IS $17 per spindle, but Fall River does not furnish boarding houses. A 
mill 46 X 100 feet, four stories and attic, would reouire one floor for spindles. 
A spinning frame, having 128 spindles, requires 66 feet floor space, 16 x 8| feet, 
or about 2.3 spindles per foot ; but a passage way is required each side of the 
frame, so that 6003 spindles would be a good outfit for such a mill or floor. Six 
thousand might be used, but would hardly be advisable, unless room was scarce 
for the power at command. The power should equal two h. p. for each one 
hundred spinning spindles in a mill. There are light running spindles and 
machinery that could be driven with something less than that rate— others that 
would require more ; but the rate is a fair average estimate. Warp and thread 
mills require more power in proportion to the number of spinning^ spindles than 
mills that make clotn. Two h. p. per each hundred spinning spindles is a fitdr 
estimate for the power required in silk mills. Thirty-five to fifty spindles in 
cotton mills are required per loom, the number depending npon the Ko. of yam 
used or fineness of cloth produced. 

The census for 1880 will give the number of spindles in the Southern states as 
714,078; looms, 16,222, or about forty-seven spindles per loom, which would 
indicate that tlieir product is quite«fine cloth, or, what is more probable, that 
many of the spindles are employed in making yarn that is nq( wqven there. 
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Test of Turbine Wheel and Power Bequired to 
drive Machinery in Mill at Natick. B. I. 




To Moeitain power required to drlre machinerr, the grate wm opened witil 
detigiuued machinrs ran at regulator tpeed, then the power of wheel was foond, 
with same head and gate opening. The turbine rephuxd breaat wheels, and tho 
discharge from the turbine as shown by the old water mark in tail-race 35 ieet in 
^dth was 8 inches less in depth than from breast wheels. 

Test of Machineiy. March 14, 1871. 

The first test, shafting alone. The gate 8>^ turns open, with SI feet, Z}^ inches 
lUl. Wheel making 7f reyolutions per minate, horse power, 43. 

The second test, all the sliafting and 457 Mason Looms, (print goods, 64 so., 
160 piclcs per minute.) The gate b^ turns open, with 21 feet, IK inches falL 
BeTolutlons of wheel 77, horse power, 88. 

The third test, all the aboye and 77 rin^ spinning frames, of 9,856 Rabbeth 
tpi idles, 6750 revolutions per minate, also 8 warpers, 8 spoolers of 64 spiudles 
each, and 17 mules with 10,864 spindles. The irate 9^ lams open, with 20 fee^ 
9 inches fall. Uevolutions of wheel 77, horse power, 192. 

The fourth test, all the machinerr in the mill, or in addition to the abore,! 
Kitson opener, 2500 revolutions, 6 30-inch Whitin*s Uppers, 3 boaters, each 2200 
revolutinus, 70 dO-inch breuker cards with 125 revolutions of cylinders, with 5 
Mason Railway heads, 2 doublers, 70 80-1 ch finisher cards with 125 revolutions 
of cylinders, with 5 Lanphear railway heads, 10 drawing Aramcs with 50 deliver- 
ies, 6 slubber speeders with 420 spindles, 554 revolutions of flyers, 12 fine speed- 
ers, 1248 spindles, 770 revolutions of flyers. The irato 10)^ open, 20 feei, 6^ 
inches fall. Revolutions of wheel 76, horse power, 203. Gate opened in fidl to 
get power of wheel. 20}^ feet lall, 291^ horse-power* 



Nelson Mill, Winchendon« Mass. 



Denims, Sheetings, and CkdMed Goods— 

E". P. 

4 pickers, 64 cards, 7300 spindles, 2 drawing frames and 180 looms, 158.80 

All tbe above, except pickers, 130 10 

All except pickers ana cards, 80.46 

Only looms ronoing, 57.85 

ShsXdng, S9.38 

Monohansett Mill, Putnam, Oonn. 



Two hundred horse-power drives two hundred and ninety two 40.|nch wide 
looms to 140 ])ick8 per minute, 5632 frame spindles, 6768 mule spindles with aU 
the other necessary machinery. 

Eafirle Mill, Connecticut. 



This is to certify that I weighed up the power for John L. Roes, of the follow* 
lag machinery and shafting at his miU, in llaglevilie, (jonn., with a Dynamometer 
on main shaft, and the power developed was found as follows, to wit : 

Test No. 1— Run the shafting, 1 dresser, 1 spooler, and 12 frames, indicating 

27.64 h.p. 
les, 30.81 «« 

84.86 •« 
84 86 •« 
81.12 •• 
27.27 «• 
27.27 •• 
' 81.12 •* 
34.86 •• 

Test No. 10— All of shafUng connected to run the above machinery, 10.80 ** 



Test No. 


2— shafting,! dresser, 1 spooler, 


, 15 spinj 


aingfi 


Test No. 
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Experiments at Massachusetts Cotton Mills. 



LowKLL, MiSB., Mabch, 1872. 

Trial of power required to drive 15 r^tretchers. (3d speeders) 52 spindles each 
s=780 spindles. Speed main shaft of machine, 396 reyolations. Speed of flyer. 
1121 revolutions. Frames driven by a train of 8 couQt<r-shafts— two fhunes by 
earh, except the last, which drives one. These shafts are driven, the first frodl 
the main line, and the others in succession from each other. 1st. Machines and 
shafting required 8056 lbs. per sec =14.65 horse-power=537 lbs. or .976 horse- 
power each=10.3 lbs. per spmdle=53 24 spindles per horse-power. 2d. Shaft- 
in? and loose pulleys, 2000 lb8.=3.64 horse-power. 3d. Shafting alone, belts ofi; 
732 lbs.=1.33 norse-power. 

Trial of power to drive 6 throstle spinning frames, (warp) , 5 having 128 spindles 
each, and one 112 spindies,^752 spindles, driven by a train of 6 counter-shafts, the 
first belted from the main line, and the others in succession from each other. 
Thi^ beine an odd row of frames, only one frame is belted from each shaft. 
Spinning r9o. 20 yam, cylinder running 750 revolutions, and flyers 4312 revolu- 
tions per minute. 1st. Shafting and loose pulleys, 1150 lbs.=2.09 horsepower. 
2d. Shafting alonr, machine bells off, 767 lbs.s=1.39 horse-power. ^. Frames 
and shafting, 0900 lbs.:=12.54 horse-power. 

Trill of power required for 112 looms, weaving 36.inch sheetines, No. 20 yam, 
60 threads to the inch each, warp and filling, bpeed, 130 picks per minute. 
These looms are placed in the back part of tne middle portion of No. 1 mill— 
one-half in the basement and half in tne room above— being belted from 5 lines 
of shafting in the lower room. These shafts are driven in succession, one from 
the other, the first from the m <in line. Size of shafting, 2 3-16 inches, except 
the first piece in each line, on which the counter- pulleys are placed ; these are of 
several different sizes, but about 2.^ inch on an average. The drivinsr pulleys are 
12 inch diameter, and the loom pnlieys 14 inch. 1st. 112 looms with shafting 
lubricated with tallow. Average of several trials : 8870 lb8.=:16.13 horse-power 
=79 20 lbs. per loom=7.24 looms per horse-power. 2d. The same, after oiling 
the journals of t*>e shafting: 8492 lbs.=15.44 horse-power=75 82 lbs. per loom= 
7.24 looms per horse-power, dd. Trial of shafting and loose pulleys, lubricared 
with tallow. Average of several trials: 2876 lbs.=5.23 hor^e-power. 4th. Same 
after freshly oilin? : 2245 lbs.=4.08 horse-power. 5th. Shafting alone, belts off: 
913 lbs.=2.40 hurse-power. 

Trial of power required to drive 8 Lowell Machine Shop Mules, 624 spindles 
each, with. Emerson's Dynamometer. Five mules were running on No. 22 yarn, 
spindles making 5500 revolutions per minute, and three mules on No. 37 yam, 
spindles making 6230 r(> volutions per minute. 1st. The 8 mules including shaft- 
Insr. 12,250 lbs.=22.25 horse-power,=2 45 lbs. per spindlc,=224 spindles per 
horse-power. 2d. Shafting alone, 17.10 lbs.=3.1l horse-power,=14 per cent, of 
the whole power. 3d. 8 mules without shafting, 19.16 horse-powerss211 lbs. 
per spindle=260 spindles per horse-power. 



Test of Machinery at the Alpaca Mill, Holyoke, Mass. 



Looms made by Greorg^ Hatterly & Sons, KeighleVf Torkshir», England. 
These looms were supposed to require but one-tenth of a horse-power each to 
drive them : 250 of them in use there. Two seta of four each were tried, each 
set taking exactly the same power. 

H.P. 
Foar looms (plain,) 40.inch reed space, 180 picks per minute, 1.18 
Spinning frame, 144 flyer spiudles, 2500 revolations per minute, 2.60 
Lister Comb, 18 inch nip, combing long wool, .68 

Preparer for comb, second of five, fair average of the set, .60 

Dandjr roving frame, 24 spindles, 1300 revolutions per minutet -^S 

Six spindle way box, .68 

Six spindle finisher, .541 

Manjr pat«ntt have been taken oat (br tbe purpoM of protoetlnf dorleao mppoood to pradaeo vorr 
llfht rwainf ipladloi, bat thore ar« splantng mnaa la this vloiultj (with anpalmted dorleM.) ISB 

"lavoMoaolMwhorat thMO ar* drivan with S-4 



•plwllaa eaeD tlaU ran llfbtar thaa anj franiM that I have w^^m ........... ^ ^..^ ..^ .... 

m aa lash belt, sad «sa sad hara baaii diiToo wUb b«Us of but 1-4 of aa laob la width. 
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Test of Turbine and Power Required to 

Machinery. 



Clyde Blaaohary, RivaF Point, R. I. 



To MMrtiUii power required to drire nuteUiierj, the gate wme opened until 

eertftln machlnea ran at ipeed. aftenrarde the power of the wheel waa teated 

with the aame gate opening, head and speed. 

H.P. 
lit T^st, Oate open 2 1-2 tuma, 15.47 

Driving shafting of mill and small pnmp. 
3d Test Gate opened 6 tarns, 5S.18 

One 5 bole water mancie, 1 Scotch starching mangle, 2 boles, 1 spindle 
calendar, 6 boles, I S-bole calendar, 1 (-hole calendar and 1 doth 
winder. 
SdTest. Gate opened 8 tnms, 02.78 

All the machinery in the bleaching room, rlz : 8 washing machines, 10 
feet log, 2 washinflr machines, o feet log, 2 soaring machines, 4 li»et 
log, I chemic machine, 4 feet log, 1 limhig machine, 4 feet log, and 
3 sqaeexers. 
4th Test. C^ate opened in fhll, ISM 

All the abore, with machinery in drying room additional. The latter 
is 1 drying machine, 11 cylinders. 80x120 inches, 1 sqoeeser, 1 (qpen- 
ing manirle, 2 shearers. 4 sets knires each, and 1 Canroy winder. 
The lo.47 h. p. required to drire shaftinff most be dedacted from the seeoodt 
third and fourth tests to get the power required to drire the machinery named. 



Memoranda of power required for operating certain bleaching, finishing and 
dyeing machines, at S. H. Greene A Sons' Bleach and Print Works, Birerpoint* 
B. I., tested with Emerson's Lerer Dynamometer, April 1874. 

H.P. 

Washing Machine with 2 boles— 21 inches diameter. 10 feet long with 
squeesers attached; consisting of 2 boles>— 21 inches diameter, 12 Inches 
lonsr, 18.00 

Limer, brown sour, chemic and white sour machines — ^2 boles each— 21 
inches diameter, 4 feet long, each required 8.01 

Water mangle— 5 boles, 11.99 

Friction mangle— 2 boles, 16.38 

Calendar— 6 boles, 7.63 

Calendar— 8 boles, 5.91 

Calendar— 4 boles, (one bole being a 4-inch spindle,) 8.07 

Shearing machines— 4 sets knires, 9.98 

Burrows' natcnt dye beck— 40 ps., 8.80 

Washing Machine, Madder D^e House, with 2 boles— 10 feet long, 20 
inches diameter, with squeesers— 2 boles, 12 inches long, attached with cloth 
loose in water pit, T.97 

Hot water machines ~2 boles, in dye house, 1.70 

Canroy Winder— for printing machines, 6.32 

Power to drire shafting and spring water pumps' of bleachery, drying 

room and mangle, and finishing rooms for white work, 18.18 

All the abore were trials while the machines were at work, cloth threaded in. 
A number of trials were made. The abore gire the arerage in praetlenl 
work. 

Bmwkt L. Gbmekm. 



887 
Tests of Various Elinds of Machinery. 



During the past ten years I hare tested the power required to driye a great 
variety of machinery, but have kept no record of such until recently, because 
such tests to others are of but little value nnleas the conditions are exactly the 
same, which is unlikely to be the case. 

The following were taken in the mills named and represent the power required 
to drive the machines while doine their regular work; by the tests it will be 
seen that the greater the number of spindles in a frame, the greater the number 
)8 iikelv to be per horse power. It will also be apparent that much depends 
upon the make of the ftrame. 

DWICIHT Hr*G CO., CHICOPBE, MASS. X. W. CaaaMk, Igrat, Not. 1878. 

MAJfUPACTUBK 8HKKTUIOS 8BIMTUIOS AMD P. K'S. 

Test of Lan phear frame, 128 Rabbeth spindles. 

To drive empty spindles, required 1.06 horse power. 

To drive spindle and bobbin, without connection, 1.14 

Mean, from empty to full bobbins, required 1.30 

Berolutions of drum per minute, 810 

Computed revolutions of spindle per minute, 7800 

Bevolurions of front roU, 72 

No. of yarn, 40 

Length of trarers on bobbin in inche)>, 6 

"Foot lbs. per apindle when at work, 8S6.5 

Namber of spindles per horse power, 98 

Another Babbeth frame, supposed to be exactly like the above required more 
power. Spindles per horse power, 92 

Lowell frame, 202 light long spindles No. 4 mill. 

Mean, from empty to full bobbins, 2.52 horse power* 

Revolutions of drum per minute, 1025 

Comput«-d revolutions of spindles, 7800 

Bevolution^ of frout roll, 97 

Length of travers on bobbin in inches 5I< 

Namber of yam, 22 

Foot lbs. per spindle, 412 

Spindles per horse power, 78 

To drive the cylinder and spindles, rolls stopped, required 1.96 horse power, 

Lowell frame having 208 short spindles in No. 4 mill. 
Mean, from empty to full bobbins, 8.31 horse power. 

Bevolutions of drum per minute, 1025 

Computed revolutions of spindles, 7800 

Revolutions of front 1 oil, 97 

Lenjrth of travers on bobbin in inches, 6>C 

No. of yam, 22 

Foot lbs. per apindle, 526 

Spindles per horse power, 6S 

These spindles were reduced in weight, then required 2.84 h. p. or 73.8 spin- 
dles per h. p. To diive the cylinder and spindles, the rolls being stopped* 
required 2.2 horse power. 

Lowell frame, (old) 208 lonir spindles. 

Mean, from empty to full bobbin«, 8.54 horse power. 

Bevolutions of drum per minute, 1025 

Computed revolutions of spindles, 7800 

Revolutions of front roll, 95 

Length of travers on bobbins in inches • 6I< 

Jfo. of yam, 22 

Foot lbs. per spindle, MS 

Spindles per horse power, 50 

Whitin frame, 128 long sphidles, in No, 1 bUL 

Mean, from empty to full bobbins, 1.46 hone power* 

Hevoladons of drum per minute, T20 

Computed revolutions of spindles, 5040 
Berolutiont of front roll, 82 
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Length of trarert on bobbin in inches, 55^ 

No. of yam, 14 

Foot lbs. per ipindle, 375 

Spindles per horse power, 88 

Another fhune, same row, sopposed to be ezsctlj like thj above, carried 98 
•pladiesi>cr horse power. 

Bidd-ford frame, U4 Ion? spindles, No. 5 milL 

Mean, from empty to fbll boboins, 1.67 horse power. 

Berolations of dmm per minute, 789 

Computed reyolntions of spindlea, 5528 

'Revolutions of fh>nt roll, 78 

Leni^ii of travers on bobbin in inches, b}i 

No. of yam, 32 

Foot lbs. per spindle 850 

Spindles per horse power, 78 

Biddeford firame, 144 Pearl spindles, No. 5 milL 

Mean, tram empty to Aill bobbins, 1.91 horse power. 

Revolutions of drum per minute, 797 

Computed revolutions of spindles, 7000 
Berolutioa of fh>nt roll, 92 

Leuffth of travers on bobbin in inches, 6Ji^ 

No. of yarn, 22 

Foot lbs. per spindle, 499 
Spindles per horse power, 75 

Whitin one rail Arame, 128 But trick A Flanders' spindles, in No. 1 mill. 
Mean, from empty to lUU bobbins, 1.14 horse power. 

Revolutions of drum per minute, 720 

Computed revolutions of spindles, 8720 
Bevolution^ of flrunt roll, 100 

Length of tracers on bobbin in inches, 6i^ 

No. of yam, 14 

Foot lbs. per spindle, 807.5 
Spindles per horse power, 107 

Another tnme in the same row supposed to be exactly like the above, required 
more to diire it only cariTlng 04 spindles per horse power. 

Biddeford one nil frame, 144 Buttrick spindles in No. 5 mill, vmbxg Peart 
bobbins. 

Mean, from empty to tall bobUns, 1.77 horse power. 

Revolutions of drum per minute, 825 

Computed revolutions of spindles, 7300 

Berolutlons of front roll, 98 

Length of travers on bobbin in inches, &)i 

No. of yam, 22 

Foot lbs. per spindle, 405 • 

Spindles per horse power, 81 

Biddefbrd two rail frame of 144 Buttrick spindles, using Pearl bobbins. 

Mean, from empty to full bobbins, i 1.88 horse power. 

Revolutions of dram per minute, 825 

Computed revolutions of spindles, 7800 

Rerotutions of front roll, 98 

Length of travers on bobbin In Inches, 5^ 

No. of yarn, 22 

Foot lbs. per spindle, 885 

Spindles per hurse power, 85.5 

Lowell Donbler, doffing 04 cards. BeqiUnd, 4.28 horse power. 

Howard A Bullock Slasher, 16 inch Ikns, makini? 1200 revolutions per minate. 
Yam moving 85 yards per minute. Beqoired, 6 04 horse power. 

Lowell Machine Shop Looms. 12 on M-inch goods, 64pickt per inch. 11 on 
40.lnch ffoods, 76 picks per inch, 145 picks per mmute. Required, 4.08 h. p. or 
5.6 looms per horse power. 

Lowell Coarse Speeders, 40 spindles, .86 hank roving. Bight and half inek 
space, 12.lnch travers. li^ roll, making 196 revolutions per adnnte. Fljrers, 
625 revolutions per minute. Required, 1.41 h. p., 117 foot lbs. per spindle or 88S 
spindles per h. p. 
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latermediate, 56 spindles. .00 hank roring. 6|-inch space. 9|.|neh traren. 
Front roll, 1| Inches iu diameter, makioe 200 reyolutions per minute. Flyera 
940 revolutions per minute. Beqnired, l.u h. p., 840 foot lbs. per spindle or 89.2 
spindles per horse power. 

Fine, 72 spindles, 5-inch space, 8^ -inch trayers, 2.83 hank royin^. Diameter 
of front roll IJ-inch, making 140 revolutions per minute. Flyers 1215 revoln* 
tions per minute. Required, 1.68 h. p., 783 foot lbs. per spindle or 42 spindles per 
horse power. 

Two Drawing Frames, 8 to 1, 4 deliveriet each. Boll 151^ inch diameter, making 
808 rerolutions per minute. Required, 1.00 horr« power. 

Two Pawlucket Spoolers, 80 spindles each, or 160 per pidr. Revolutions of 
evlinder 165 and of spindles 786 per minute. Ko. of jarn 22, warp. Required, 
.7i h. p. Bpindles per horse power, 217. 

Five Howard & Bullock Warpers (Bnfflish.) Cylinder making 45 rerolutions 
per minute. Width of section, 64 inches. Averase No. of threads to each 
warper, 850. Required, .83 h . p., or .16 h. p. per warp er. 

CBIOOPII HrQ 0§., CnOOPII riLU, mass. «Mr|« H. Xmm, AiMt, lev. 1876. 

MAVVrACTOSB OOTTOV FLAVXBLS, QCILTS AWD SUBBTIITOS. 

Test of frame having 256 Sawyer spindles, in a mill of that company. 

To drive the empty spindles, required 1.26 hone power. 

To drive bobbins before connection with yam, required 1 46 

Mean, from empty to full bobbins, 2.09 

Revolutions f f drum per minute, 868 

Computed revolutions of spindlei 7612 * 

Revolutions of front roU, 88 

No. of yarn, 25 

Length of trarers on bobbin In inches, 5 

Foot lbs per spindle when at work, 269.6 

Spindles per horse power, 122 



WIRP HILL, HOLTOKI, HliS. J. L. BwllagaM, AfMt, Bm. 18T8* 

UAKVrACtV** WASPS. 

Lowell Frame, 160 Sawyer spindles (old fhune.) 

Hean power required IJS7 hoiM pofwer* 

Revolutions of drum. 860 

( 'alcttlated revolutions of spindletf 7166 

Revolutions of fh>nt roll, 108 

No. of yam. 18 

Travers on bobbin in inehet« bX 

Foot lbs. per spindle, 887 

Spindles per horse power, . 85.2 

Another in same mill; New LowiR FraoMt liO Sawyer spindles. 

Mean power required 1.74 hone power* 

Revoftttions of ornm, 986 

Calculated revolutions of spindleSf 7480 

Rerolutions of firoot roll, 84 

Nor of yam, 28 

Trarers on bobbin In IncheSt 5|^ 

Foot lbs. per spindle, 858 

Spindles per horse powert 92.1 

■ADLgT C0« HOLTOIB. aiBi. Wntaa Cr«««r, AfMt, Bm. tiT6. 

MAVUrAOTVBB TABV, TBBBAD AMD TWUTB. 

Whitin Frame, 144 Bnttilek splndlesi ring 14 indiaf. 

Mean power required IM liorM power. 

Rerolutions of dram, 918 

Rerolutions of front roU, 98 

Calculated rerolutions of spindlei T606 

Tkrarers on bobbin in Inches, 6JI^ 

No. of yam, 22 

Foot lbs. per spindlo, 861 

^pindlo per lione power, 91.2 
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WIuUd Prime, 144 oommon long ipindLM, riu li^ Ineheft. 
Jde«n power required 
Aievolntioiu of arum, 
KeToluiions of front roll. 
CtdouUted reTolutione ox tpindles. 
No. of yarn. 

Xra^rere on bobbin in indies, 
^ooC lbs. per uplndle. 
Spindles per horse power. 



1.82 horse power. 

MO 

87 

8043 

22 
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Two Whidn Fnunes, 180 kmy light spindles e«efa, or S20 spindles per pair. 

2.80 horse power. 



Mean power required 
Revolutions of drum, 
Bevolutioiis of front roll, 
OUcuUted revolutions of spindles, 
No. of yam, 

Trarers on bobbin in inches. 
Foot lbs. per spindlr, 
Spindles per horse power, 

Whiiin Frame, 144 Sawyer spindles, ring 1}^ inches. 
Mean power required 
Beroltttions of drum, 
Bevolutions of front roll. 
Calculated reTolutionsof qrfndks. 
No. i>f yam, 

Trmren on bobbin In inches. 
Foot lbs. per spindle. 
Spindles per horse power, 

Whitin 9.inch Slubber of 72 spindles, hank roying one*third. 
Mean power required 
Revolutions of roll, 
Revolutions of spindles. 
Foot lbs. per spindle. 
Spindles per horse power, 

Whiiin Intermediate Frame, 190 spindles, bank roving 4J^. 
lieaii power requir« d 

One aud one- eighth inch rolls. . Revolutions, 
Revolutions of xpindies. 
Foot lbs. per spindle, 
Spiudles per hoi-se power, 

Whltin's Jack Roving Frame, 144 spindles, hank roving 16, 

Mean power required 

Revolutions of roll, 7>^. Diameter of same in inches. 

Revolutions of spindles. 

Foot lbs. per spindle. 

Spindles per horse power, 

Whltin's Drawing Frame, 18 ends, 4 cans. 
Power required 
Revoluduns of roU, 



941 
88 

0781 
40 

4K 
288 

123 



1.80 horse power. 

928 

78 

7408 

30 

208 
lU 



.89 horse 
96 
682 

288 
123 

.47 horse 
98.6 
850 
180 
264 

w48 horse 

1088 
110 
800 



power. 



power. 



power. 



JW horse 
280 



power* 



Fales & Jonks* Frame, 272 Babbeth spindles, ring 1^ inches. 

Mean power required 2.88 horse power. 

Seven inch drum. Revolutions, 726 

Revolutions of front roll, 100 

Calculated revolutions of spindles, 8787 

Travei-8 on bobbin in inches, 6K 

No. of yarn, 20 

Foot lbs. per oplndle, 288 

Spindles per horse power, U6 

Another Fales & Jenks' Frame, 272 Rabbeth spindles, ring 1^ inches. ___ 

Mean power required 2.16 horde poWW. 

Revolutloni of iirum _ 728 

Revolutions of front roll, 78 

Culculatid revolutions of spindles, ^787 
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Ko. of yarn, 30 

trrarers on bobbin in inches, 5>^ 

Foot IbR. per spindle, 261 

Spindles per horse power, 126 

Tales ft Jenlu* 1876, INdster, 248 Babbeth spindles, two cjlindets. 

Mean power required 4.80 horse power. 

No. of yarn, 40-8 ply. 
No. of TraTeler, 14. 2.inch ring. 

Diameter of dmm, 8 inches. Berolations of same, 750 

Threj inch roll. Bevolations, 27^ 

Diameter of whirl, 1 5-16 indi. Beyolutions of spindles, 4562 

Foot lbs. per spindle 630 

Spindles per horse power, 51.6 

Two cylinders in the same frame can hardly be desirable. 

Fales & Jenks' 1872, Single Cylinder Twister, 144 Babbeth spindles. 

Mean -power required 1.74 horse power. 

No. of yam, 40—2 ply. 

No. of Traveler, 16 

Seven inch drum. Berolutions, 828 

One and one-half inch roll. Berolntions of spindle, 43 

One and one-sixteenth whirl. Berolntions of spindles* 6436 

Foot lbs. per spindle, 400 

Spindles per horse power, 8S.6 

Hiegins' Sons ft Co. fflubber, 60 spindles. 

Beyolutions front roll, 118} 

Kerolntions of spindles, 676 

Re 1 Hired 1.02 horse power* 

Spindles per horse power, 68.6 

Higsrins' Sons ft Co. 7-inch intermediate firame, 128 spindles, hank roving 8^. 

Mean power required 1.58 horse power* 

Diameter of roll 11 inch. Bevoluttons 128 

K«'Volaiion8 of spindles, 1118 

Foot lbs. per spiudle, 408 

Spindles per horse power, 81 

Hiffgins' Sons ft Co. (Bnglish) 6^ inch Jack Frame, 144 spindles, hank ror* 
Ing 11. 

Mean power required 1.46 horse pow«r« 

Revolutions of roll, 83. IHameter of same in inches, 1^ 

Bevolutiotis of spindles, 1400 

Foot lbs. per spindle, 838 

Spindles per horse power, 90 

Enirlish Twister, 286 Babbeth spindles, IX inch ring. 

Mean power required 8.07 horse power. 

No. of yam, 86—2 ply. 

No. of Traveler, 15 

Bight inch drnm. Bevolntions, 600 

Three inch roll. Revolutions, ^.5 

One and one-fourth inch whirl. Bevolntions, 3840 

Foot lbs. per spindle, 458 

Spindles per horse power, 72 

Crighton ft Son (English) Doubler, 16 ends. Lap 187 pwt. to the yard. 
Driving pulley, making 600 revolutions per minute. Bequired, .55 horse power. 

Boyd's (Glassrow) Spooler or winding machine, 50 spindles or drams. Quo 
aide winding Arom thn>e bobbins ; the other side winding from three cops. 
Driving pulley and drums, making 228 revolutions per minute. 

Mean power renuired .15 horse power. 

Foot Ids. per spindle, 99 

Spindles per horse power, 333 
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Pair of Dobson A Barlow (English) Mules, 8S2 spindles each. 
Ten stretches in 4 minutes, 25 seconds. 

Diameter of front roll, 1 inch. Beyolutions of same per minute, 7S 
No of /am, 70. Culcolated reyolutions of spindles, 5688 

Maximum force required, 7.83 horse po 

Spindles per horte power, 212.5 

PlUr of MaaoQ Mules, 882 spindles each. 
Ten stretches in 3 minutes, 65 seconds. 
Beroiations of front roll. 

Mo. of yarn, 70. Calculated reyolutions of spindlea, 
Maximum force required, 
Spindles per horse power 



7» 

eooo 

449 horse power. 
875 



French Comber made by Hethrington * Sons, Manefacster, Bo^and. 
Making 62 strokes per minute. Required, .24 horse power. 

PUU Bros* Jack Frame, 144 spindles, hank roring. 
Mean power required 

Boll if inch diameter. Beyolutions of same 
Beyolutions of spindles. 
Foot lbs. per spindle, 
Spindles per horse power, 



.73 hone power. 

61 

1181 

167 

108 



Ki'son Picker (changed) using Wbithead A Atherton*s. 
Whipper beater. 

Dinmet -r of roll, inches. Beyolutions of same per minute, 8^ 
Beyolutions of 24iDch whipper, 118^ 

jUtyolutions of 16-inch beaters, , 1545 

Beyolutions of fans, «00 and 1500 

Yardf of lap per minute, ,Jl7- 

Maximum force required, 10^ horse power. 

Whitehead A Atherton*8 Picker. 

Diameter of Bolls inches. Beyolutions of same per minute, 9}i 

Bovolutions of 24.inch whipper, 1070 

Beyolution<« of lO-inch beater, 1380 

Bcvolutions of fans, IWO and 1340 

Yards of lap per m'mute, 6.67 

Maximum force required, ••35 horse power* 

Kitsou's 2d Picker or Finisher. 
Diameter of rolls inch. Reyolutions of same per minute, 
Beyolutions nf 1st beater, 16.inch, 
Revolutions of 2d beater, lO-ioch, 
Reyolutions of fans. 1430. Yards of Lap, 
Maximum force required, 

Whitehead ft Athcrton*s 2d T ioker or Finisher. 
Diameter of rolls, inch. Revolutions of same per minute, 
Bevoiu ions of lot beater, 16-lnih, 
Revelation) of 2d beater, 16-inch, 
Kevolati<»ii8 of fans, 
Yards of lap per minute. 
Maximum force required, 



7 

1475 

1410 

5.5 

7.8 horse power* 



141» 
MIO 
1374 

5.9 
6.64 horse power. 



The Kitson picker had a six inch belt, the Whitehead ft Atherton a four mch ; 
by timing the two and weighing laps, a difference of more than ten per cent, was 
found i.i favor of rhe Kitaon, but this was done away with by soaping the puUeTs 
an I belt of the Whitehead & Atherton machine. As arranged, for dmng the 
game amount of work, each required the same power. 



S. C.FoTsaitb & Co., Manchester, N. H. 
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*8 Windlass. 



It hM often happened, when low rMults h«ve compelled me to repovt waAswtKS 
obi/ of tttrbine plans, that the deeiffneni have incimaced that if I had experienced 
the Ticiaaitudee of an inventor's life, more leniency would be shown. The Bstent 
Office Beportt will show that ^oite a numbto' .uid variety of patents hare beeo 
granted to uie, and the records of the office will show a still larger number of 
applici^ons for others, some of which were rejected, others granted, then aban> 
douud. Two causes have prevented me from realising much pvcoiuary benefit 
from patents. Fii-st, because my inventions have been a generation before the 
age. lleaoudly, because my plans have been Terr expensive to develop. I have 
never cared lo immortalice myself by the inyention of a mouse trap, pie fork or 
clothes pin. Que pateut I have ever felt ashamed of: it was taken out under the 
folio wiug circumstances. A lady friend as a joke asked me to get up a device to 
keep her husband's mustaehe out of his coffee. A pian was readily found, con- 
sisting of a peculiarly shaped comb with intarders and nippers. Two youas 
ladies asked to have a patent taken oat ana assigned to them. It was appli^ 
for. The model proved so attractive that it was purloined, and die commissioner 
had to seud for auother; in the meantime|the man for whom the plan was 
devised tiok his comb to the Filth Aveone tfotel, N. Y., and exhiMted n; in lees 
tban a month seyeral hundred dollars' worth of orders were received frmn fiuMgr 
goods dealers. By that time the joke had become stale aud the matter was 
dropped in disgust, though I believed then, and conti'me in the same belief now, 
that more money oould Eaye b^en made from that than from any other patent 
granted me. It is not my purpose to go into a general history of my inventions 
bat tiiero are several, nowyery popuUr and Inorative devices, patents of others, 
that were offered to leading men thirty years since by mys^; the plans were 
proa muced chimerical. Tne self coupling for cars, steam bnuces and heating 
cars by steam->tue plans, almost identical with those now so common, were 
ur<;ed br me upon the managers of the several railroads as early a^ 1850, but in 
vain. My experience in, introducing the ship's Windlass, herewith illustrated, 
will be sufficient to show my turbine friendi tliat I have known something of an 
inventor's troublfS. Readers who are not acquainted with such matters, may, 
by looking in ** Webster's Unabridged." see an illustration ot a ship's windlass ; 
9uch as was in use on all merchant vessels <Hf anv size forty years since. Such 
windlasses were made of a single oak los, varying m length from six to twenty-five 
feet, according to the size ot the vessel; three or four turns of the cable would 
be wound around the windlass, the inner or loose end of cable next to the bitt; 
in heaving in, the chain, like a nut or screw, would work towards the middle or 
pawl bitt, so that after a few turns the cable would have to be made fast forward 
Of the windlass, then the three or four turns of the chain slipped back towards 
the bitt. The cables were stowed below by the mainmast in order to have a long 
stretch of chain back of the windlass to help hold it fr^m slippinic when icy or 
muddv. Now, bv considering that the largest chain cables are made of round 
iron, 2^ inches in diameter, the links being ei<zhe inches wide and two Ire in 
length— fifty pounds to each foot in leagth of ch tin, each cable five hundred and - 
forty feet in len^h with an anchor of three tons in weight at the end— and it will 
readily be understood that a crew had a hard job to handle such a cable, more 
particularly in deep water ; besides, it was often Impossible to get an anchor 
ready to let go before a ship would bo ashore, for it was always necessary to haul 
up sufficient length of cable from the chain locker to reach bottom before the 
anchor could be It go; for to drop a heavy anchor and chain in ten fa' horns, or 
sixty feet of water and allow it to brinir up on the windlass, would endanger the 
safety of cable, windlass or bows of the ship ; conseoui-ntly, sofficiput length to 
reach bottom had to be rangfd forward of the windlASS as a preliminary step, 
the turns of the cable around the windlass addinsr much to the labor. A careless 
word drew my thoughts to the matter, and in 1850 some of the plans in the illus- 
trations were presented to seaf irinj; friends, and by them very coolly received : 
'* What; I Trust lives and such immense amounts of property to cast iron pears? 
miarht as well hayc a glass windlass. How are you agomg to handle the swivels 
and shackles, placed at every fifteen fathoms of cable? " said another. A capi- 
talist offered to assist m", if a certain old sea captain approved of my plans; 
they were submitted to him ; he was one of the old school, a regular old salt- 
He examined the plans, a model in fact, worked it, hove in and let go anchor 
for an hour ; then got up, came to me and exclaimed : ** Well, I haye seen a good. 
many d d fools, but you seem to be the biggest one of the lot. What I do jron 
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want to commit murder by the wholesale, with your d— d cast iron jimcrack? 
Why, let a ship anchor in a gale, and ship and crew would go to h-11 tosether." 
My capitalist declined to go into the business. Finally, one was found willing to 
help ; theu the objeciion was raised that the links of cables varied in length 
so much that it would be impossible to handle them in the way proposed. Mr 
plans were modified, and a derice designed and patented for oDTiat ng the dim- 
culty ; then an owner was found willing to furnish his ship with cbains of a bet- 
ter make— the links being sufficiently equal in length to work on the grubt or 
chain wheels illustrated. This, of course, rendered all of the trouble and 
expense of the special plan patented useless. A windlass, costing some eight 
Lundred dollars was constructed, but before being finished the ship owner had 
been frightened so that he did not dare risk its use ; It was oflTered as a gift to 
Donald McKay, Paul Curtis and other leading ship builders of Boston, New 
'York and other places. One dar while listlessly wandering around, hoping 
against hope, I met a Cwtain B. B. Forbes, a man who through rarious causes 
had been flattered until he had got a high idea of the yaiue of his own opinion. 
Timidly approaching him I askea if he would be so kind when passing by as to 
take a look at my windlass, and giro an opinion of irs merits. *'Whair'ho 
said, *' that big coffee mill? I hare seen it and can give my opinion now ; which 
is, that it is worth nearly a cent per pound for old iron, less cost of breaking it 
up and carting it to the xoundry.'*^ Alter months of waiting a place was found 
for it on a large ship being built at Kennebunk Port, Me. ( W m. Lord, Jr.) When 
the ship was ready to sail the captain insisted that I should go with the ship to 
St. John, N. B , and work the windlass. The tide there is strong and the sbip 
had to be moored in fifteen fathoms of water ; we arrived an hour before dayhght ; 
the morning dark and fo^gy ; the pore captain came on board and took charge. 
Bome one said : *' Captaui» we have a patent windlass and expect to mooro 
quick." ** The windlass ain't worth a daum,** was the reply— he supposing it 
to be an English capstan that some one had put upon a few »lups. A ste'am tug 
took us to our berth, and the order was given to let go starboard anchor. In less 
than three minutes we were riding with forty .five fathoms of chain out; the 
tug towud hard to port ; the starboard chain was eased away to eighty fathoms : 
the port anchor was let go, and in twenty minutes we were safely moored ana 
the tug called alongside Tor the captain of the port, who, before leaving, held 
his lantern to my lace, grunting ont, ** d— ned yankee. saved me half a day's 
time." The captain of the ship congratulated me as being sure of having made 
my fortune by tne invention. But prejudice is not so easily overcome. To ask a 
builder or owner of a ship to use one of my windlasses, was certain to bring 
some sneer as to whether I proposed to send an engineer or machinist with it. 
Pilots and insurance agents were strongly opposed to it; after much urging one 
was placed upon the insurance ageut's steamer as a gift, the old windlass to be 
repUced if mine was not liked. Impecunious ship builders, who found it hard 
to get the old windlass upon credit, favored mine, and were ready to pay for it in 
large promises , and it was really through such that it gained a place. In time* 
the belter builders would listen, but were still shy; an engineer was necessary, 
was the cry ; besides, if they lost their cables it was generally impossible to 
replace them with others of the same length of link. ^Hiis continued until the 
convenience of the windlass had become so apparent that commanders of ships 
began to importune for them. In the mean time, one had beon placed upon the 
Pomona, ship of a thousand tons, belonging to the ''Dramatic Line," from New 
York to Liverpool. As those ships brought lar«e numbers of immigrants, I had 
watched her proceedintrs closely because of what had been fiaid about tm<^tiDg 
lives and property to the strength of cast iron gears. Suddenly a rumor came 
that the Pomona had been lost, and that four hundred passengt rs had gone down 
in her ; litMe was known, only that i^he had been wrecked on the coast of Ireland. 
It wa9 two or three weeki before particulars were received, and in that iime it 
seems as though I never i^lept. Four hundred lives were more of a responsible 
itv than I felt capable of carrying in peace ; but the time named brought relief. 
The ship struck before there was thought of danger. It may as wi 11 oe stated 
here, that while I had control of the manufacture of the windlass, no loss ever 
occurred through its use ; 'i)n the contrary, ships were often saved through the 
immense strain that could be brought to benr on the cables when heaving them 
oflf shore. In only^a single instance was a tooth from a gear broken, and that 
was when two boat crews fW>m a man-of*war was added to the ship's crew for 
the purpose of heavinir up the anchor, while it was a-fonl of the man-of-war's 
anchor; both were hove up together. The merits of the wtaidlass had become so- 
well established previous to 18lK), that I had furnished that and other devices ti> 



the RiUBltin and Enrptian goveramenU; had had orders fi-om China, Spidn, 
Italy, Kncland. Scotland, and throuvhoot this countrr wherever ships were 
built* The foUowio^ cenlAcates will show the change of opinion. 

MASIACBOSITTS CnASITABLB ■SOUJnO AaSOGIAXWJr, UB8. 

KnwfWNi'i PatMit WlndtaM, worked bj ■lew or flut power bj a 0>|NteB on tlM fa re e— M e. 
maehlDe can pertonn with four men, Ihe work usoallj reqnlclnf a dosen. and lea vnloable el 
in the aafrty of life and propertjr. mnre eepeelnllv fn tlieee day* of **oidlaaiy eianiaB " 1 
-raloable naeklM the CoMmlttee award a CaM JMal. 

K. B. POBBE8, ") 

JOHN A. SLEEPBR, I . 

BBNJAMl.V L. ALLKW^ypyaiaifii. 1 

' JOHN M. GLIDDON. 1 I 

BUAS B. DAVIDSOX, J 




BosTOjr, April Mt mO- 

Tbia will eeitlfy that after a carefUl Impeetlon of Broeraon'e Patent WIndlaaa, tesethcr with 
•ome acquaintance with Iti working on the uteamer K. B. Forbea, we are aatiefled that it le eaperinr 
to Nny modem l*ntent Wlodlaai that we have aeen. It haa great power and ean anpanacly be aaed 
with eaao and saftity. 

CRABLE8 PBAB80N,> 
EB6NBZEK DAVIS, >J 
BICHAKO BAKBB, > 



BOSTON PILOTS. 

The nndarrignad, having known tlie Emerson Patent WIndlaaa for eereral yean, believe it to ba 
anperlor to any WIndlaaa In uae. Its great power or speed reiMlers It peculiarly appHeable for ge^ 
ting under way In heavy weather, or where there la but little roooK, and tha imprarad lever aad 
•orew nippers reader it perfbot Sar bfingidc a aliip to. 

JACOB K LUNT, SAICUBL C. MABTIN, JOHN T. OABONBB, 

H. A. TBWKSBURT, WM. F. TEWKBBUBY, JONATHAN BBUCB, Jr. 

STEPHEN BURKOW8, WM. CtfUPUT, P. H. CHANDLER, 

▲LFBBO NASU. W. G. BAILBT, A. F. HATDBN, BOBBBT KELLT. 



BOSTOV, Kareh M, MHl 

Mb. BuSBaov.*— Vaoentlr at the Cape of Good Hope, I had many ehancea to teat the power of 
your patent Wlndlasa. Asl had both anchors down li was often necessary to heave op to clear tlM 
«haint, and I have no hesitation In saving, that fbr power or speed, or for general co n venienee, yoar 
Wlndlasa Is fhr superior to any other ttiat I have ever seen. JAMES HALL, 

JKular (/ AorA Wm . Q. / 



Mr. Bmvtoir ^— I readily Join C^UIn Hall In apeaking of the satlsfsetoiy working of yoor 
fwtent Wmdlasa on board the wro. U. Anderson, I can say also, that the Wlndlasa put by yon oei 
the bark Ethan Allen, has been very severely tested (the bark having parted her la rge s t daainj and 
h*» given entire sattsfkctlon. I recommend them to ship owners with neat confldenoe. 

BvsTOjr, Mandi S, 1860. EDWARD BOYNTON, Owner. 



Bim AU>, Deeamber 10th, 1M7. 

Captaiw JamKS AtcrCLL. Diar Sir:"! have used the Emerson Windlass pnrehased of yoa 
for the barque Annie Vonght of Buflhio (one thousand tons), and have always fonnd tt work to my 
entire satisfaction. For strength, compactness and convenience. It cannot be excelled. Ita motioaa 
are simple and poaitlve, hence there is no lost motion; it does away entirely with the old tedioaa 
way of ranging chain before letting go anchor. With the Emerson Windlass the chains are alwaye 
n-Muy for letting go, and as a mutter of great Importance, can never get fool on the wlndlasa, whlck 
i« frequen'ly the CMse with the old style windlass. Its power Is unlimited. We had occasion to uaa 
our best boweranchor (.3800 pounds), with 65 fiithnms chain ( 1 3-4 bar link). It required only ona 
man to let go anchor and v«er awiiy chiin, wUereiu, with the old fttyle windlass it would require the 
M-hole crew. And in heavinr up, it required only S> minutes till the anchor broke ground, tlien half 
our crew ( Ave men ) were sufUcient to work the windlass, leaving the others f^ee to work the yarda, 
make khII. nr be wherever requlntd. It is superior to eny windlass I have ever seen in use, and 
would unhesltatingiy recommend Its general adoption for large clasa venels especially. 

KespectAilly, JAMBS G. OBK, Maatcr Barque Annie Tooffht. 



I 



Commodore Strinfrham and Gregory were yer^ fiiendly and aided me in many 
ways H8 did sevfral of tlie-nayaloonstmctors; with other?, John Lenthal, chief of 
tlie bureau of construction at the navy department; but the prejudice was too 
8troDsr to allow of the use of my windlass on naval vessels. ** If we should lose a 
chain in nome out of the way port, we could not replace it, perhaps, with anythinf^ 
near what would be required." So I went to work and got up a plan that would 
take any sized chain, spending much time and money in doing it ; then carried It to 
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the uvnX constructor wlio had been the strongeit in that objection^ ** By George t 
that ia simple, I didn't think it could be done ; bur, after all, the other plan is 
best; a chain is not often lost," was his comment. Buch was the frivolous treat- 
rnenc experienced for years. Owing to the war, many merchant vessels haviijg^ 
mv windlass in use wure turned into naval or warwvessels. The following cer- 
tincao will show how the vrindlass answered its purpose : 

U. 8. 8TBAMBB SOUTH CaBOUIIA, Off OALVKSTOK, lag. 20, 1861. 

8n :— In aoeorclanoe with instrocdoiu fh>m Flaflrv Officer Mervlne, which direct me to Inform tho 
Department as to the merita of tho ** Bmeraon Windlaae," now in uao on board thie TCHel, I have 
the honor to report that it has l)een need by us constantly for tlie past tUree monihs, and that our 
opportunitlea forjudging of its ndlitj hav« been amply sufficient. We And It certain and qnick in its 
operations, not only in heaving in, but also in veering; it is strong and compact, tailing up Icsa 
room than any thing of the liind I ever saw. In fhct, it reduces the tedious, old fiuhioned, and I may 
say, often dangerous way of handling onr iieavy anchors and chain cables, to tlie simple process Tin 
heaving np] or walUng around with tlM rapstan, the chain taking care of itself as it comes In; 
while in veering, a small "plug" is removed, leaving the whole control of the heaviest chain In the 
hands of one man, who by the aid of a '^ lever" on a friction band, manages it with perfect case. 
Besides, it is always reacqr. I have been lying with fifteen flithoms of chain < at, on several occasions, 
and have, vithoat giving previous notice to any one, been under weigh and steaming along at the 
laleof four knota, in Ave minutes after the order was given to man the capstan. It will be seen, 
therefore, that the faeUity thus aflbrded fur getting underweigh is a positive saving of fuel in a 
blockading steamer, for otherwise, she might deem necessary, for entire efficiency, to keep nnder- 
wvigh almost all the time. RespectAilIy, I am rir, your ob't serv't. 

JAMBS ALbKN, Comnuind g U. S. Staanier Sonth Caroliaa. 
Hon. GIDBOV WaUBS, SooTelary U. S. Navy, Waahingtua, O. C. 



In 185S there was no chain making in this country, onr cables all being im. 
parted. The following circular will explain itself. The lengths named were 
readily adopted, and I presume still continue to be the standard lengths. 

To Chain Mandvactubbbs. of Gbbat Britain. GentUmen .•'-Being 
engaged in tho manufacture of Windlasses which hold the chains by the llnka 
in^ad of by a turn around the windlass, I often find a g>eat difference in ihe 
length of links of the different manufacturers* chains. This seriouslv affects the 
working of the windlass, and is sometimes very inconvenient in replacing a lost 
chain. As this kind of windlass and capstan is fast taking the place of the 
wooden windlass, it would be much better to have some regular length of link 
for each size chain. I herewith give a graduated scale of fengths for diff« rent 
sizes, which is very near the name as the sctde of the Messrs. a. Wood & Co. of 
Liverpool ; it, liowerer, is a little more even than theirs. The shackle is another 
cau«e of diflkulty. These should be made so that the inside of them, that is 
from the inside uf the bolt to the inside of the other end, should be the fame 
length as the inside of a link, and then the shackle link in the end of the chain 
which the bolt of Che shaekkueoes through, should be long enough to make up 
for the butt of the shackle. l%ere should be a long link at one end only, of eacn 
pk>ce of chain, which should be for the bolt end of the shackle. There should 
also be a good swivel next tke anchor shackle in all cases. 

Jambs Bmbbsok^ 

Indies, Btnd Link. Length. 









lift 




1^ 




8.10 




1.4 




6.16 




8.8 




7-lft 




1.2 




9.16 




6.8 


1 11.16 




3.4 




13 16 




7-8 




16.16 


2 
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1.8 



. 4 7.8 


6 M 


6 1.2 


63-4 


I 1.8 


7 3.8 


7 3.4 


8 1.8 


8 1.2 


8 7.8 


9 1.4 


9 5.8 


10 


10 1.4 


10 1.2 


10 3.4 


11 1.S 


11 3.4 
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Short Link. Lcngth< 


1-2 


2 3.8. 


9.16 


. 2 3-4 


6.8 
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11.16 


.... 3.1.4 


3;4 


3 1.2 


13-16 


. 3 7-8 


7-8. 


4 1.8 


16.16 


. 4 3-8 
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4 6.8 


1 1.16 


. 6 


1 1-8 


6 3.8 


1 3.8 


. 6 3-4 


1 1-4 


. 6 18 



Boevoif.*Aitgast, 1868^ 



Our views correspond with the aboye. 
Fkarinq, Thacheb & Co., 

WhITON, BbOWNB & WHBBLWBIOBTt; 

BaxTSB & SUMNBB, 

J. NiCKBBSON & Co., ^ 

J. Bakbb a Co., . 

Impters of Chain Cables, Anchors ,Ao» 
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Tbs AmBioAV Ship Wotdiam Coxpaxt. 

The follovring Article copied from the Boeton Commercial Balletin of Anitiitt 
24. 1878, will show wh it h is become of my windi*§»: '* The Americsn Ship 
WindlMs Company, of Proridence, R. I., aeemn to be a good illustration of the 
results which are achieved at the present day by divisiou of labor, and by the 
devotion of all the skill and capital of an entire establishment, as fisr as practica- 
ble, to a sinffle branch of manufacture. The productions of this company, c<Mn- 
S rising windlasses for every size and dass of vessels, have attidned a marked 
egree of excellence, and at our Centennial Exposition they received the only 
award given f jr windlasses and capstans. 

Ttie American Ship Windlass Company was established in 1867 and iocorpor- 
atcd in 1860, and up to ihn present time, they have made nearly 8000 windlasses. 
John fi >ach St Son, of Chester, Pa., use their windlHsses exclusively, putting 
them into all their vessels* Nearly all of the United States revenue cutters are 
now provided with them. 

The company are now bnilding windla«se8 for vessels which are being 
constructed at all of the different points aiong the coast of Mune, and for 
the steamers " Biiantonomo,*' and " Puritan," which John Roach 4k Son have 
now in process of construction at their yard, and Wm. Cnunp & Hoom, of Pliila> 
dclnhia, are putting in the American Ck>mpany's windlasses upon the steamers 
which they h ive built for the Russian Government. 

The windlasses of the American Companv are made to be operated either hf 
ha.id, mus«enger chains or steam, and six different kinds of windlasses are man« 
ttfacturecl f «>r either of these motors. The windlasses are also made in eleven dif- 
ferent sizes, for cables varving from ^ inch to 2^ inches in size; and the 
companv arc consequently able to provide windlasses for the smallest yachts as 
well as for the largest ships. 1 heir work^ are model o ics and are supplied with 
all of tho latest add most improved machinery and other appliances, including 
many tools specially designed and constructed for the company. They are l<ica- 
ted on £ast River Street, near tho Red Bridsre, and are under the active 
management of Frank 8. Manton, agent, and George Metcalf, treasurer; and 
o.ie evidence of the executive ability of the managers is the perfect system wliich 
pervades tho establishm.'nt throughout. 

' Hydraulio Mortars and Cements. 

Certain limestones, which contain upward of 10 per cent, silica, possess the 
property, when burned, of forming a cement or mortar which hardens under 
water. Such limestone is called hydraulic lime, and the mortar is called 
hydraulic mortar. This stone, before burning, consists of a mixture of carbon- 
ate of lime and silica, or a silicate, chiefly a silicate of alumina. The latter 
is insoluble in hydrochloic acid, hence remidns undissolved when the stone 
is treated with this, acid, but in burning this silicate is fluxed by the alka< 
line carbonates and becomes soluble in acid, the carbonic add being expelled. 
When common lime is slacked it swells enormously and develops a great deal 
of heat; this is not the case in slacking hydraulic lime, which absorbs water 
without any considerable increase of temperature. 

If ordinary lime be mixed with a suiuble quantity of silica or sand, an arti- 
ficial hydraulic mortar is obtained, to which we apply the name of cement. 
These cements mav be either natural or artificial. Tne former are foiuid in vol- 
canic regions, having been produced by the terrestrial beat. Pozzuolana, found 
at Pozzuoli, near Naples, is a natural cement of the following competition: 
Silica, 44 5; alumina, 15-0; lime, 8*8 ;, magnesia, 4*7; oxide of iron, 12*0 (with 
oxide of titanium) : potash and soda, 5*5; water, 0*8; total, 100*8. 

The quantity of time, is, however, so small that it requires to be mixed with 
ordinary lime to form hydraulic mortar. It was employed in combination with 
an equal quantity of lime in building the Eddystone Lighthouse. 

Artificial cement, also called ** J^man cement," has been manufactured in 
England on the Thames and in the Isles of Wight and Sheppev, since 1796. It 
is made by burning the calcareous nodules which overlie tne chalk in that 
country. A sample analyzed bv MichaSlis contained : lime, 58*38; magnesia, 5; 
silica, 28.83 ; alumina, 6*40 ; oxide iron, 4.80. When mixed with water it hardena 
in fifteen or twenty minutes, and possesses great firmness and strength. 

Portland cement was patented in England by Joseph Aspdin in IKM. He 
took tiie limestone of Leeds, pulverized and burned it, then mixed it with wnater 
and an equal weight of clay to a plastic mass. When diy this was broken up 
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and burned again until all the carbonic acid was expelled. It was then pulver- 
ized and read^ for use. Pasley made it from chalk or limestone with Med way 
river dapr, which contains salt. Pettenkofer suggests that cement is improyed 
by soaking the clay in salt water. 

Portlandcement is now made, says Wagner, by making bricks of an intimate 
mixture of limestone and clay, drying them in the air ana burning them in a tall 
shaft furnace from 45 to 100 feet» 12 jeet in diameter, with a strong grate 4 feet 
from the bottom. It is charged with alternate layers of coal and cement stone. 
The properties of the cement are largely dependent on the temperature em- 
ployed in burning; a white heat is best, but if the temperature is too high it will 
no longer unite with wat«r, and may even be melted to a glass. If the tempera- 
ture does not exceed a red heat it unites readily with water and gets hot like 
ordinary lime, but possesses yery little strength. The color changes with the 
burning and forms a criterion for judging the quality. In normal condition it 
forms a gray, sharp powder, with a shade of green, but not glassy. 

The manufacture of Portland cement is now carried on in every part of the 
world where limestone and clay are to be found. In order to obtain a good 
cement, not only must the proper heat be employed in burning, bu^ the proper 
proportion of clay, usually 25 per cent., must be used, and the clay must have 
certain properties, such as a large proportion of silica,- must be very finely 
divided, and must be veiy intimately mixed with the limestoni. Analysis of 
Portland cement from various sources show the percentage of lime to vary from 
!tb to 62 ; silica, 23 to 25 ; alumina, 5 to 9 ; oxide of irou» 2 to 6 ; soda and potash, 
usually less than 1 per cent. 

Horse Power and other Matters. 



When Watt began to introdace his steam-cni^ei, he wished to be able to 
state their power as compared with that of horses, which were then generally 
employed for driving miUi. Ue accordingly made a series of experiments, 
which led him ti the conclusion that the average power of a horse was sufficient 
to raise about 33,000 lb<. one foot in vertical hf ight per minute, and this has been 
adopted in England and this counirv as the general measure of power. 

A watoifiUl han one-hors>; power for every 83,000 lbs. of water flowing in the 
stream per minute, far I'ach foot of fall. To compute the power of stream, there- 
fore, multiply the area of its cross section in feet by the velocity in feet per min- 
ute, and w<i have the numbiT of cubic feet flowing along the s ream per minute. 
Multiply this by 62|, the number of pounds in a cuiuc foot of water, and this bv 
the vertical fall in feet, and we have the fout-pounds per minute of the ikll ; divia- 
ing by 33,000, gives us the hors^-power. 

For example : a stream flows through a flume 10 feet wide, and the depth of the 
water is 4 feet; the area of the cross stctlon will be 40 feet. The velocity is 150 
feee per minute— 40xl50=:tlOOO=:the cubic feet of water flowing per minute, llie 
fall is 10- feet; 10x375,OOOs=3,7SO,000=the foot-pounds of the waterfall. Divide 
3,750,000 by 8:),000, and we have 113.63 h. p., as the power of the fall. 

The power of a steam-engine is calculated by multiplying together the area of 
the piston in inche'*, the mean pressure in pounds per square inch, the length of 
the stroke in feet, and the number of strokes per minnte, and dividing by 38,000. 

Water-wheels yield from 50 to 91 per cent, of the water. The actual power of 
a steam-engine is less than the indicated power, owing to a loss from friction; the 
amon it of this li>ss varies with the arrangement of the eugiue and the perfection 
of the w irkmansbip. 

To compute the number of teeth in a pinion to have any given Tflodty. Multi- 
ply the velocity or number of reroiutions of the driver by its number of teeth or 
it<i dlam-tt r, and divide the product by the desired number of revolutions of the 
pinion or driven. 

To compute the diameter of a plmon, when the diameter of driver and the 
numb.-r of teeth in driver and pinion are uiren. Multiply the diameter of driver 
by the number of teeth in the pinion, and divide the proauct b^ ihe number of 
teeth in the driver, and the anotient will be the diameter nf pinion. 

To compute the number of revolutions of a pinion or driven, when the nomber 
of revolutions of driver and the diameter or the number of teeth cf driver and 
driven are given. Multiply t be number of revolutions of driver by lt«. number of 
teeth or its diameter, and divide the product by the number of teeth or the 
diameter of the driven. 

To asd^rtain the number of revolutions of a driver, when the revolutions of 
driven and teeth or diameter • f driver and driven are given. Multiply the num- 
ber of teeth or the diameter of driven by its revolutions, and divide the product 
bjr the nomber of teeth or the diameter of the dHver. 
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Stow Flexible Shaft Co. 

(LIMITED.) 

XAKUTACnnBBD BT 

Stow Flexible Shaft Ck>., OOO l«r. 18th St., PhiUidelphiA» 





There are few persons employed In flatting np mecluuiieal dcTlees who hare 
not felt the need of some means for bringing the motire power to their worlc. 
Instead of being compelled to more the work to the power as is generallj done. 
Certainly, such has been the case with myselft and it is because of such experi- 
ence that my readers are here presented with perspectiTe and sectional riews of 
the Stow Flexible Shaft. I have tested the power required to drire machinery 
operated by these shafts, and found the motion as steady as though driren by or- 
dinary shfating. This tool is used to pctform, by power, a large class of operations 
so situated that they can, without it, only be done by hand. Thus the cut shows 
It as used for drilling holes in a piece too heavy to be placed under the stationary 
drill press, rotary motion being transmitted from the pnlloy at one end to the 
work at the other^ notwithstanding the curve in which the shaft is bent. Hence, 
with the pulley end fixed, the working tool may be placed anywhere within 
reach of the shaft. 

The shaft consists, essentially, of a revolving core, B, composed of a series of 
coils of steel wire, wound in opposite directions, and a stationary came, 
X, made of a hollow coil of steel wire, covered with leather. The shaft is made 
in nine sizes with appropriate drills capable of drillmg holes in metal from 
one fiftieth' of an inch to two inches in diameter. Special tools are also made for 
wood boring, stone working and polishing, emery grinding, etc* Other uses 
will suggest themselves to the millwright and manufacturer. 
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Power Scale. 

At the time the article relative to my experience in perfecting a 
reliable inftrument for testing power was written, it was supposed 
that a portable instrument then being made would be completed in 
time to have an illustration and description thereof published with 
the others. But it has been impossible to realize that expectation. 
Before the close ot Januaiy, 1882, however, the instrument will 
be ready for use. It is made to be used on the end of the pxdley 
arbor or shaft, first removing the loose pulley and taking the key 
from the fixed pulley, or slacking up the set screw in its hub, which 
leaves it loose so that its arms strike holders on the power scale, 
thus taking the strain necessary to drive the machine. It may be 
applied to the driving pulley or the counter shaft where the pulley 
of a machine works inside its frame. The ordinary pulley and 
belt are used while weighing, the same as usual. Consequently, 
no power is absorbed by the scale itself. The instrument illus- 
trated on page 283 is for heavy work, an equivalent for hay or 
railroad scales. It may be made of any capacity from one to 
thousands of horse power. The portable is for lighter work, such 
as cotton, woolen, flour and other machinery. Either kind is as 
accurate as the most perfect scales of commerce, and easily under* 
stood by the ordinary mechanic, rendering the employment of an 
expert for testing power unnecessary. They are designed for 
general use and will be furnished at reasonable prices. 
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TESTIMONIALS. 



OlTICK OP THE 

Pbopbiktob of ths Locks and Canals on tuk MsRauf ac Bztbr, 

Lowell, Mass., February 5, 1S79. 

Jaxes Exebson, WB^aansett, Ma^s. 

Dear Sir : Your work on water wheels and machiner}' was left here yester- 
day br Mr. Swain. 

My father (James B. Franf!U) is at present in Europe, and probably will not 
return before next August. I take the liberty to thank yon for him, and to 
assure you that your book contains a fund of information of the kind we want. 
JIow to utilize water power to the best advantage is one of the great problems of 
tiie day, and I am sure you have contributed much information on the subject. 

Vorj' truly yours, 

JAMES FRANCIS, Ann*t Enffineer, 



XoRTR Chelmsford, Mass., February 7, 1879. 

Jaxes Exersok, Willimansett, Mass. 

Dear Sir : 1 have examined your book, " Treatise on Tests of Water Wheelii 
and Machinery," and find in it a very large amount of valuable information, in a 
Himple form, not obtainable in any other work. I have copies, in full, of all youi* 
tests, dating back nearly ten years, prepared at (to me) great expense, and of 
course I have faith in their reliability. (At all events, twenty times their cost 
would not buy them, were no other copy available.) The publication of your 
(experience , in so convenient a form, must prove to be of very great benefit to 
manufocturers.turbinc builders, and such of the le^l fraternity as have hydraulic 
cases to manage. Every millwright ou^ht certainly to possess a copy. The 
tables of " Velocities due Head,** alone, will save him in time every year several 
rimes the cost of the book. 

Very truly yours, 

A. M. SWAIN. 



Bond Bros. & Bomrjc Law Office, 

NoRTHAXFTON, Febnuuy 7, 1879. 

Jaxes Exerson, Ilolyoke, Mass. 

Dear Sir : I have examined your work on ** The Testing of Watei* Wheels 
and Machinery,** voUh tnattert pertaining to Uydrauliet (2d Ed. 1878), and find 
that it contains in a very convenient form a large amount of information which 
every lawyer must obtain firom tome sonroe before he can safely advise a cK- 
<*nt or properly try a case concerning water pover or the power of water irheels. 
Accept my thanks for your treatise ; it will oe of great use to me in my profips* 
aionalwork. Yours truly, 

D. W. BOND, Di9triet Attorney. 



^ 



"Law OmcB, 

Knr Habttobd, Cokk., Febroarv 8, 1879. 
JAjntft' Smkbsoh : 

Dear Sir : I hikre examined jour book/* Treatine oa Tests of Waler Wlieels. 
Ac.," »ad find it to be really multum in pareo. It contaii^s in simple form much 
Information needed hy members of the lepral profession who are engaged in 
suits involving hydn uics, power, flow of water, aad kindred subjects. 

I am ver}- truly yonnt, 

JABED B. FOSTER. 



Law Offick or J. P. BvcKiojtB, Coum«klob in Patkitt Causes, 

SPBiNeFiBU), Mass., February 8, 1879. 
Jaxbs Exebson : 

Dear Sir : I assure yon that my examination of your new work, entitled 
" Tests of Water Wheels and Machinery,** has given me a great deal of pleasure. 
Many a time have I searched for hours to find some of the many data with which 
the book is crowded. 

In the preparation and trial of cases invcriving questions of water power, mill- 
rights, leases of power and the performance of machines built under contract, 
and kindred matters which are constantly coming before courts and artutratont 
for settlement, your work will be a valuable aid to lawyers and parties. I know 
of no single book which has within its covers so many practical data for use in 
tbe above line of cases, and I am bound to say that I think the legal profes»imi 
is under much obligation to you for the preparation of it. 

Yours truly, 

J. P. BUCKLAXD. 



Sbnatk Chaxbeb, Wasminotok, D. C, February 9, 1879. 
Jaxbs Exxbsok: 

My Dear Sir: Permit me to thank you for a copy of your book, "Tests 
of Water Wheels and Machinery." I have read it with as much care as I 
could find time from my official duties here to do, and have no hesitancy 
in sa3ring that it must prove a very valuable work, as well to lawyers con- 
ducting litigations, as to mill owners seeking to avoid them. 

Thanking you again, I am, truly yours 

H. L. DAWES. 



OPFICB OP 

Amebican Pbint Wobks, Fall Rivba, Mass., March 3, 18T9. 
Jaxbs Exe&son: 

Db ab Sib : Please accept my thanks for the copy of your book •« Tests of 
Water Wheels and Machinery, received a day or two since. It contains much 
valuable information relating to water power, is arranged in a very concise form 
and will prove a very convenient source of reference.*" 

Very truly yours, 

Thos. J. BoBDEN, Trea9. Watuppa Reservoir Co* 



^ ^ BooTT Cotton Mills, LowbLl, Mass., March 11, 18T9* 

Jaxbs ExebsoN! 

Deab Sib : Permit me to thank you for a copv of your " Tests of Water 
Wheels and Machinery." I have examined the same with great care and must 
say that you have given a fund of information to Manufacturen, Turbine Build- 
ers, Owners of Water Power, and the Legal Profession who have suits involving 
Hydraulics, in a most simple and condse form. There is no subject to-day <Sfm- 
nected with manufacturing that there is so much ignorance about as the econom- 
ical use of water power, best wheels, and appurtenances to utilize it. ITour 
book cannot fall to nave a large sale, as you have contributed, so much informa- 
tidn on the subjea. Yours truly, A. 6. CuxNOCXy Agent* 



^, J ^ " Xkw Ha v»N, Conn., April 29, 1870. 

Mb. Jambs Emebson: 

Dbab Sib,— AUow me to take this opportanitr to thank you for the copy of 
yourTreatiM reladve to the Testing of Water Wheels and Machinery, which 
you did me the favor to seod me some time since. I have found it to be a mine 
of Tftloable information, and have often had occ]i8i<m to consult it. It certainly 
effectively supplies a great desideratum. T. e mannflftcturing interests of this 
country owe you a debt of gratitude, to speak >f nothing more, for the Valuable 
Mrork you have done in testing water wheels and machinery. 

Tours truly, 

W. A. NORTON, 

Fro/, of Civil Engineering in Sheffield ScietUiJlc School. 

Lbbanon, N. H., March 7, 187B. 

Jaxis Embbson : I will do all I can to recommend your book. I think it 
the best book I have seen for a millwright. 

Yours truly, . . William Duncan, Engineer and Millwright. 



Unitbd Statss Sbnatb Chamb^b, Washinoton, Feb» 1, 1879. 
Jambs Embbson: 

Dbab Sib : Yours of the 80th ult. has just been received, with your book, 
for which I heartily thank you. Of eoorse, l have not yet had time to examine 
it, but will do so and write you about it. I think from a nasty glance I cast over 
it, that its contents will be of value, and I shall preserve it^as a memento of one 
of the intelligent patentees of the country, wno have^ done so much for its 
interests. Yours truly, 

Bainbbidob Waoleioh. 

My corresp<mdenoe with Mr. Wadleiffh had reference to a change in the Patent 
Law advocated by him, a chanA« which to me seems ui^ust to the inventor and 
unlikely to benefit the public. The defects of the present law are mainly due to 
its loose administration. To make a great show of income, patents are daily 
granted for frivolous devices unworthy of such distinction ; worse still, patents 
are constantly being g^ranted to several different applicants for substantially the 
same device, a practice alike ii^nrious to the real inventor and the public. A 
single amendment of the present law, Mrith a return to the conservative practice of 
Kranting patents followed thirty years since, would do away with the real objections 
to such grants. A large j^roportion of the j^atents that are granted are not only 
worthless but they stand in tne way of real improvement. Amend the present 
law so that provisional protection shall be granted for three years upon a|)plica- 
tion as at present, /or real innentione, anytime previous to the expiration of 
that period, upon the payment of one hundred dollars ; issue a patent for twenty 
years from the date oi application ; under no circumstances allow an extension 
of such grant. The provisional term for the sum of twenty dollars will enable 
tlie apphcant to judge of the validity, value and advisability of its continuance. 
If it IS deemed advisable to protect the plans of geniuses who saw a barrel in 
halves, thus making two tubs of it ; or point one end of a friction match stick, so 
that it may bo usedto light a pipe or pick the teeth, do so ; but do it for a shorter 
period ana under some designation equivalent to that of *' Trade Mark.** It dis- 
courages the real inventor and debases the term, Patent, to put such devices 
upon ue same plane as those that have required years of study to perfect. 



Thaybb School op Civil Enoinbebinc. 
Dartmouth College ^ 
Hanovbb, N. H., August 22, 1879. 
Jambs Embbson. 

Dear Sir: Permit me to say that your book on Tests of Water Wheel* and 
Machinery has greatly interested me. To students of hydraalics it has a special 
value in affordii4f so many ractical results of American construction and opera- 



tion« imd forminpr ^ very desirable supplement to more exclusiTely theoretical 
works. Toar methods and results camiot f%jil to be instroctive even to those not 
yet engaged in the actnal practice. 

Very truly yours, 

ROBEBT FLETCHEa. Thayer Prof, of Gimil £n.g. 



Stktsns iNSTinnn of TsoHiroiAeT. 
DepartwMni of Jf^ngineering, 
HoBOKBN, N. J.» October 12, 1880. 
Jamss Exbbsox. 

Jfy Dear Sir : ThHuks for your note of the 11th inst. I wish to thank 
you for the copy of the book on Water Wheel Tests. I have just finished look- 
ing it through, Rx>m cover to cover, and consider it a very valuable addition to 
my library; it supplies a want which can be filled by no text-book or treat if^; 
that I have met with by giving the actual value of &e wheels daily sold in our 
market. I am pleased to see that makers are bringing up their efficiency 
finely, and that 80 per cent, is getting to be as usual with our best wheels as 70 
pen cent, was a little time ago. 

Very truly yours, 

R. H. THURSTON, Prof, Civil Eng. 



STBVBVS INSTITITTB of TBCHNOLOer. 

Department of Engineering^ 
HoBOKBN, N. J., October 16, 1880. 
JAXBi EXBBSON. 

My Dear Sir : Thanks for the proofs (Holyoke Hydrodynamic Experi- 
ments) just received. I have looked them through before sittinfi; down to 
acknowledge receipt. They are fall of information as is an egg with meat. I 
am very greatly obliged. 

R. H. THURSTON, Prof. Civil Eng. 
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